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“  Nature,  the  dear  old  Nurse, 

Took  the  child  upon  her  knee, 

Saying,  here  is  a  story  book 

Thy  father  has  written  for  thee.” 

— Longfellow. 


PREFACE 


THIS  book,  which  aims  at  giving  within  the  compass  of  a  single 
volume  a  complete  and  detailed  account  of  the  up-to-date 
physiology  of  the  various  ante-natal,  natal,  and  post-natal 
phases  of  child  life,  is,  I  believe,  the  first  of  its  kind  in  any  language. 
It  has  had  a  very  humble  origin,  for  it  grew  out  of  a  few  pages  of 
notes  which  I  collected  some  four  years  ago  for  the  purpose  of  a 
course  of  very  elementary  lectures  in  Child  Physiology  at  the  Infants 
Hospital.  It  then  occurred  to  me  that,  as  no  attempt  had  been 
made  to  summarise  the  numerous  investigations  carried  out  during 
the  last  thirty  years  or  so  in  various  parts  of  the  world,  in  the  biology 
and  physiology  of  child  life,  from  the  germinal  period  onwards,  I 
might  be  supplying  a  want  if  I  were  to  collect,  summarise,  and  knit 
together  into  a  systematised  monograph,  the  information  so  widely 
scattered  in  very  many  journals  and  theses  in  various  languages. 

The  task  has  not  been  an  easy  one,  for  I  have  had  to  travel  far 
and  wide  in  search  of  my  material,  and  have  had  to  cross  numerous 
deep  and  uncharted  oceans  of  literature,  but  I  found  my  travels 
extremely  interesting  and  exhilarating.  I  only  trust  that  I  have  been 
successful  in  the  object  which  I  set  out  to  achieve. 

The  book  is  so  designed  as  to  appeal  to  several  different  classes 
of  readers.  The  ordinary  physiological  student,  who  is  interested  in 
the  phenomena  associated  with  child  life,  will  find  all  that  he  wants 
to  know,  fully,  and  I  trust  clearly,  given  within  the  covers  of  this 
volume.  The  work  will  also,  I  believe,  be  found  serviceable  as  a 
book  of  reference  to  pediatric  physicians,  and  all  scientific  persons 
interested  in  the  study  of  children.  It  will,  however,  be  found  most 
useful,  I  believe,  to  the  physiologist  who  is  occupying  himself  with 
the  investigation  of  problems  in  connection  with  child  life.  He  will 
find  that  this  book  gives  him  a  detailed  account,  with  full  references 
to  literature,  of  what  has  been  done  practically  up  to  the  date  of 
publication,  in  any  particular  line  of  research.  So  far,  most  of  the 
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researches  in  the  various  branches  of  child  physiology  have  been 
carried  out  in  foreign  countries,  like  Russia,  Germany,  Austria, 
France,  America,  and  Italy ;  and  if  the  book  will  serve  as  a  stimulus 
to  young  British  physiologists  to  devote  their  energies  to  this  particular 
branch  of  physiology,  I  shall  feel  more  than  repaid  for  my  trouble. 

As  a  book  of  physiology,  this  volume  differs  in  several  respects 
from  other  books.  It  is,  in  the  first  instance,  more  comprehen¬ 
sive  in  scope,  and  deals  with  many  subjects  not  usually  discussed 
in  physiological  text-books.  Secondly,  I  have  treated  the  various 
subjects  historically,  so  as  to  give  the  reader  an  idea  of  the  manner 
in  which  some  of  the  theories  and  principles  have  been  evolved. 
Further,  I  have  devoted  more  space  than  is  usual  in  books  of 
physiology  to  a  description  of  the  anatomy,  macroscopic  and 
microscopic,  of  the  parts  whose  physiology  is  under  consideration. 
This  was  necessary,  because  the  anatomy  of  the  child,  like  its 
physiology,  is  a  subject  with  which  the  ordinary  student  is  unfamiliar, 
and  it  would  be  impossible  in  many  cases  to  understand  the 
differences  in  the  functions  of  the  organs  of  the  child  and  the  adult 
without  a  precise  knowledge  of  their  anatomical  differences.  Lastly, 
I  have,  wherever  possible,  given  a  considerable  amount  of  attention 
to  the  application  of  the  principles  of  physics  and  physical  chemistry 
to  the  study  of  physiological  problems.  This  has  rendered  the  use 
of  a  little  mathematics,  here  and  there,  inevitable,  but  I  believe  that, 
in  spite  of  their  limitations,  which  I  frequently  point  out,  it  is  only 
by  the  introduction  of  physico-mathematical  ideas  that  physiology 
will  become  established  as  an  exact  science.  I  am  well  aware  that 
the  average  student  of  physiology  is  not  very  familiar  with  the 
methods  employed  by  the  mathematician,  but  for  the  benefit  of  such 
students,  I  have  worked  out  the  various  mathematical  problems,  step 
by  step,  from  first  principles,  so  that  with  a  little  perseverance  they 
can  follow  intelligently  the  whole  train  of  thought,  and  thus  obtain 
an  intelligent  grasp  of  the  results  arrived  at.  Those  readers,  however, 
who  are  not  mathematically  inclined,  can  omit  the  mathematical 
portions,  and  take  the  principles  derived  from  them  for  granted* 

In  order  to  render  the  information  given  as  reliable  as  possible, 

I  submitted  the  proofs  to  two  such  celebrated  authorities,  in  their 
respective  spheres,  as  my  past  teacher,  Professor  Leonard  Hill, 
F.R.S.,  Director  of  x^pplied  Physiology  to  the  Medical  Research 
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Committee,  and  that  eminent  expert  on  the  subject  of  ante-natal 
and  early  post-natal  life,  Dr  J.  W.  Ballantyne,  F.R.S.E.,  of  Edinburgh. 
I  thank  them  most  heartily  for  their  numerous  and  valuable 
suggestions  and  criticisms,  as  well  as  for  the  great  encouragement 
they  were  good  enough  to  give  me.  It  was  a  real  pleasure  to  receive 
the  unstinted  approval  of  two  such  masters.  I  am  also  indebted  to 
Dr  S.  Russell  Wells,  Vice-Chancellor  of  London  University  and 
Physician  to  the  National  Hospital  for  Diseases  of  the  Heart,  for 
having  revised  and  discussed  with  me  the  paragraphs  on  electro¬ 
cardiography.  Professor  W.  Bulloch,  F.R.S.,  has,  of  his  own  accord, 
gone  out  of  his  way  to  further  the  interest  of  this  book,  and  I  here¬ 
with  take  the  opportunity  of  expressing  to  him  my  sincere  thanks. 
Lastly,  I  wish  to  thank  my  nephew,  Dr  William  Feldman,  Senior 
House  Physician  at  the  Prince  of  Wales’  Hospital,  for  the  great 
trouble  he  has  taken  to  prepare  the  two  excellent  indexes. 

For  the  loan  of  portraits  I  am  indebted  to  the  editor  of 
Munchener  Medizinische  Wochenschrift  for  those  of  Baginski,  Boveri, 
Camerer,  Escherich,  Heubner,  Roux,  and  Solt'mann ;  to  Herren 
Urban  and  Schwarzenberg  for  those  of  Preyer  and  Vierordt  (taken 
from  the  “  Biographisches  Lexikon  Hervorragender  Aerzte,”  published 
by  them) ;  to  Messrs  W.  B.  Saunders  for  the  photograph  of  Rubner 
(taken  from  Garrison’s  “  History  of  Medicine  ”) ;  to  the  Cambridge 
University  Press  for  that  of  Galton ;  to  Mr  John  Murray  for  the 
portrait  of  Mendel ;  to  my  friends  Dr  Albert  Lubetzki,  of  Paris,  and 
Dr  E.  Stolkind,  of  Moscow,  for  the  portraits  of  Hutinel  and  Nobecourt, 
and  for  that  of  Gundobin  respectively.  I  am  also  grateful  to  Dr 
Ballantyne  for  having  consented  to  allow  me  to  include  a  portrait  of 
himself. 

I  also  owe  a  debt  of  gratitude  to  the  many  authorities  and 
publishers  who  were  kind  enough  to  lend  me  illustrations ;  the 
sources  of  these  are  acknowledged  in  the  body  of  the  book. 

W.  M.  FELDMAN. 


31  New  Cavendish  Street,  W.  1, 
February  1920. 
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The  Principles  of  Ante  -  Natal 
and  Post-Natal  Child  Physiology 

CHAPTER  I 

INTRODUCTORY 

“  Birth  ...  is  commonly  considered  as  the  point  at  which  we  begin  to  live. 
More  truly  it  is  the  point  at  which  we  leave  off  knowing  how  to  live.” 

Samuel  Butler. 

Physiology  is  that  branch  of  science  which  concerns  itself  with 
the  investigation  of  the  phenomena  normally  occurring  in  living 
organisms.  When  we  speak  of  health,  we  mean  that  state  of  the 
human  body  in  which  all  the  activities  of  its  various  organs  are 
taking  place  in  a  normal  manner.  By  disease,  on  the  other  hand, 
we  understand  any  deviation  or  departure  from  the  normal  or 
physiological  activity  of  any  one  or  more  of  the  organs  of  the  body. 
It  therefore  becomes  obvious  that  it  is  impossible  to  obtain  an 
intelligent  grasp  of  various  disease  processes  without  a  previous 
sound  knowledge  of  physiology.  It  is  for  this  reason  that  every 
medical  student,  before  he  embarks  upon  a  study  of  disease,  has  to 
go  through  a  somewhat  prolonged  and  thorough  training  in  the 
physiological  processes  of  the  human  body. 


DIFFERENCES  BETWEEN  THE  CHILD  AND  THE  ADULT 

If  it  were  true  that  the  child  is  merely  an  adult  in  miniature, 
then  Child  Physiology  would  not  be  a  subject  requiring  any  special 
study.  But  the  infant  or  child  cannot  by  any  means  be  regarded 
as  merely,  so  to  speak,  a  diminished  image  of  the  adult.  Children 
differ  from  adults  in  several  respects  : — 

( a )  Anatomical. — Imagine,  for  a  moment,  an  edentulous  adult 
with  a  head  one  quarter  the  length  of  his  body,  whose  legs  represent 
but  another  quarter,  and  whose  liver  was  about  twice  the  normal 
size.  Imagine,  further,  that  the  vault  of  his  skull,  instead  of  being  a 
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perfectly  rigid  box,  consisted  of  thin  bones,  movable  one  upon  the 
other,  with  spaces  between  the  adjacent  bones  through  which  the 
pulsations  of  the  brain  could  be  felt.  Such  an  individual  would 
indeed  be  a  monstrosity.  Yet  such  a  state  of  things  is  the  normal 
condition  of  an  infant  at  birth. 

(( b )  Pathological. — Moreover,  the  diseases  occurring  during  early 
life  are  in  many  respects  different  from  those  occurring  in  the  adult. 
They  are  peculiar,  either  in  the  fact  that,  like  rickets,  they  only  occur 
during  infancy,  or  in  that,  like  scurvy,  they  are  so  modified  by  their 
occurrence  in  the  undeveloped  growing  organism  that  they  appear 
more  or  less  different  from  the  same  diseases  as  seen  in  the  fully 
developed  adult.  Again,  rheumatism,  whilst  it  affects  the  joints  in 
the  adult,  frequently  attacks  the  brain  (chorea)  in  the  child. 

(c)  Physiological.— Now  what,  briefly,  are  the  more  important 
physiological  differences  between  a  child  and  an  adult?  They  may 
be  stated  as  follows  : — 

1.  The  child  is  a  growing  animal.  Hence  the  energetics,  that  is 
to  say,  the  balance  between  the  supply  and  discharge  of  energy, 
must  necessarily  be  different  in  the  growing  child  from  what  it  is 
in  the  full-grown  adult.  For,  whilst  the  adult  only  requires  a  supply 
of  energy  in  the  form  of  food  to  counterbalance  the  amount  of 
energy  lost  in  the  ordinary  processes  of  life,  /.<?.,  to  repair  the 
waste  of  tissues  which  his  work  involves,  a  child  requires  a  certain 
extra  supply  of  food  for  the  purpose  of  growth.  We  shall  see, 
presently,  that  the  principles  of  conservation  of  matter  and  of  con¬ 
servation  of  energy  hold  good  for  the  living  body  at  every  stage  of 
its  existence  in  the  same  way  as  they  hold  good  for  machines,  and 
we  can,  therefore,  ascertain  exactly  the  amount  of  food  or  energy 
required  at  different  ages  from  a  consideration  of  the  amount  of 
energy  liberated  in  muscular  work,  dissipation  of  heat  from  the 
surface,  as  well  as  the  amount  of  energy  evolved  in  the  internal 
workings  of  the  various  organs,  such  as  the  digestive  tract,  kidneys, 
heart,  etc. 

The  validity  of  the  laws  of  ( a )  Conservation  of  Matter  and  (b)  Conservation  of 
Energy  in  the  human  body  will  be  dealt  with  in  greater  detail  in  a  later  chapter, 
but  it  will  be  profitable  to  indicate  here  the  experimental  basis  upon  which  these 
laws  are  founded. 

(a)  Conservation  of  Matter. — If  a  person  is  doing  no  external  work  and  is 
stationary  in  weight,  it  has  been  found  that  the  amount  of  carbon,  hydrogen, 
oxygen,  and  nitrogen  taken  in  with  the  food  or  with  the  inspired  air  exactly 
equals  the  amount  of  those  elements  excreted. 

{b)  Conservation  of  Energy. 

(1)  The  potential  energy  of  the  food  in  such  a  case  equals  that  of  the 
excreta  +  that  given  off  as  heat  +  that  of  the  internal  work  (e.g.,  work 
of  heart,  respiration,  digestion,  etc.). 
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(2)  If  the  person  does  work  and  the  weight  is  stationary,  then  the  potential 
energy  of  his  food  equals  that  of  (l)  +  that  of  muscular  work. 

(.3)  If  the  person,  in  addition  to  doing  work  also  gains  in  weight,  then  the 
potential  energy  of  the  food  equals  that  of  (2)  +  that  of  the  substance 
retained  in  the  body.  Thus  we  might  take  the  following  example  : — 

Income. — Potential  energy  of  food  utilised  in  the  body —  5,459  calories. 

Outgo.—  Energy  given  off  from  the  body  as  heat  -  =4,833  ,, 

Heat  equivalent  of  muscular  work  -  -  =  602  ,, 

5,435  ,, 

The  difference  of  24  calories  between  Income  and  Outgo  only  amounts  to  0-4  ®/0> 
which  is  well  within  the  limits  of  experimental  error.  (See  further,  Chap.  XXXIII. ) 

2.  Another  important  difference  is  the  fact  that  the  surface  of  the 
body  in  the  child  is  relatively  larger  in  proportion  to  its  bulk  than  it 
is  in  the  adult.  We  shall  see,  presently,  that  the  exact  extent  of  the 
body  surface  can  be  calculated  at  any  age  from  the  weight  of  the 
body  at  that  age  (see  Chap.  XXVII.).  Now,  as  the  loss  of  heat  by 
the  body  takes  place  for  the  most  part  through  the  skin  by  conduc¬ 
tion  and  radiation,  it  should  theoretically  follow  Newton’s  law  of 
cooling  in  that  the  rate  of  cooling  is  proportioned  to  the  surface. 
This  has  been  demonstrated  by  Rubner  to  be  the  case  (see  p.  401) 
(although  it  has  recently  been  disputed),  and  hence  a  child  which 
has  a  relatively  large  surface,  tends  to  lose  heat  more  rapidly  than 
an  adult,  and  the  rate  of  loss  is  greater  the  smaller  the  child,  and 
is  greatest  of  all  in  premature  babies.  From  this  it  follows  :  firstly , 
that  children,  especially  very  young  ones  in  whom  also  the  Pleat- 
regulation  mechanism  is  as  yet  undeveloped,  cannot  stand  exposure 
to  cold,  and  must,  therefore,  be  warmly  covered ;  secondly ,  in  order 
to  counterbalance  the  greater  heat  loss  they  must  be  supplied  with 
food  of  particularly  high  calorific  value,  i.e.,  foods  which  can  produce 
a  large  amount  of  heat  on  combustion  in  the  body.  Such  a  food  is 
fat.  PPence  it  is  that  whilst  adults  generally  take  about  one-fifth  of 
the  total  solid  constituents  of  their  food  in  the  form  of  fat,  in  human 
milk  which,  of  course,  is  the  natural  food  of  the  infant,  fat  constitutes 
nearly  one-third  of  the  total  solids. 

3.  The  digestive  processes  of  the  infant  and  child  differ  from 
those  of  the  adult  in  several  respects.  The  infant  has  no  teeth,  and 
must,  therefore,  have  its  food  provided  in  the  liquid  state.  Its  salivary 
glands  also  are  not  fully  developed  as  regards  their  functional  activity, 
and  hence  infants  up  to  a  certain  age  are  unable  easily  to  digest 
starchy  foods. 

4.  The  greater  activity  of  the  circulation  in  children  is  seen 
from  the  relative  rapidity  of  the  pulse ;  the  younger  the  child  the 
quicker  the  normal  pulse  rate. 
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5.  The  type  of  breathing  as  welt  as  its  rate  are  different  in  the 
child  from  what  they  are  in  the  adult.  Thus,  while  the  adult  type 
of  breathing  is  different  in  the  two  sexes,  being  thoracic  in  man 
and  abdominal  in  woman,  the  infant  type  is  always  abdominal.  The 
rate  of  respiration  is  quickest  at  birth,  and  gradually  diminishes  till 
puberty. 

6.  The  character  of  the  blood  in  early  life  is  altogether  different 
from  that  of  an  adult. 

7.  Further,  whilst  certain  organs  and  functions  like  those  of  repro¬ 
duction  are  in  abeyance  in  an  infant,  there  are  certain  other  structures , 
such  as  the  thymus  gland  in  the  thorax,  the  ductus  arteriosus,  the 
ductus  venosus,  etc.,  which  exist  in  various  stages  of  infancy  only , 
but  are  absent  or  atrophied  in  the  adult. 

8.  Lastly,  the  chemical  composition  of  the  body  changes  with 
growth. 

In  the  course  of  the  following  pages  we  shall  study  in  detail  these 
and  many  other  physiological  peculiarities  of  infancy  and  childhood. 

Indeed,  we  may  define  Child  Physiology  as  the  study  of  the 
physical  and  chemical  differences  in  structure ,  as  well  as  the  differences 
in  function ,  between  the  various  organs  of  the  child’s  body  and  those  of 
an  adult. 

DIVISIONS  OF  CHILD  PHYSIOLOGY 

But  to  begin  the  study  of  Child  Physiology  after  the  child  has 
already  been  born  is  to  begin  it  at  a  period  when  the  child  has 
already  gone  through  by  far  the  greater  part  of  its  development. 
For  whilst  from  the  moment  of  birth  till  adult  age  the  child  increases 
only  twenty-fold  in  weight  and  about  three  and  a  half  times  in  length, 
the  increment  in  weight  from  impregnation  to  birth  is  no  less  than  906 
million-fold,  and  its  increase  in  length  is  2,500-fold  (see  pp.  252-255). 

It  is,  therefore,  clear  that  the  study  of  Child  Physiology  must 
embrace  the  study  of  the  physiology  of  the  developing  embryo  and 
foetus.  It  is  true  that  the  subject  of  ante-natal  physiology  is  still,  so 
to  speak,  in  its  infancy,  yet  we  know  enough  to  assert  that  intra¬ 
uterine  influences  may  so  operate  upon  the  developing  organism  as 
to  affect  the  whole  future  life-history  of  the  child. 

Intra-uterine  life  consists  of  three  well-defined  stages,  viz.,  the 
germinal ,  the  embryonic ,  and  the  foetal. 

(a)  Germinal. — After  the  fusion  of  male  and  female  germinal 
cells  a  short  pause  occurs,  and  then  begins  the  stage  of  segmentation. 
The  unicellular  fertilised  ovum  first  divides  into  two  cells,  the  two 
new  cells  again  divide,  giving  rise  to  four  cells,  and  so  on  in 
geometrical  progression  until  by  a  process  of  binary  division  the  ovum 
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is  converted  into  a  solid  mass  or  globe  of  2;{  cells  called  the  Morula 
(Fig.  1)  (n  is  a  fixed  number  for  each  species  although  its  value  for 


Fig.  1. — Segmentation  of  Ovum  (Quain’s  “  Anatomy”). 


man  is  unknown)}  A  crescentic  space  soon  forms  between  the 
central  and  peripheral  cells.  This  space  becomes  filled  with  fluid, 
which  rapidly  increases  in  bulk,  and  soon  converts  the  morula  into  a 
large  globular  sac  called  the  blastodermic} vesicle  or  Blaslula  (Fig.  2). 


ent. 


Fig.  2. — Section  of  the  Ovum  of  the  Rabbit  during  the  later 
of  Segmentation,  showing  Blastula  stage  (Quain). 


stages 


The  fluid  has  flattened  out  the  peripheral  cells  into  a  single  layer 


1  The^number  of  cells  derived  from  the  morula  in  an  adult  man  has  been 
estimated  at  26,500,000,000,000  (see  Pen-Gaskell  Skillern,  Jun.,  “Descriptive 
Anatomy,”  Philadelphia,  1910). 
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called  the  Ectoderm ,  whilst  the  central  cells  are  pushed  to  one  pole 
of  the  vesicle,  forming  the  Endoder??i.  The  two  contiguous  layers 
of  cells  form  the  Bilaminar  Blastoderm  (Fig.  3).  The  oval  area  on  the 
surface  of  the  Blastodermic  vesicle,  where  the  bilaminar  blastoderm 
is  found,  is  called  the  Embryonic  area . 

The  germinal  stage,  then,  of  intra-uterine  life  consists  of  the  period 
between  fertilisation  and  the  appearance  of  the  embryo  in  the 
embryonic  area  of  the  blastodermic  vesicle.  This  stage  probably 
lasts  about  one  week. 

(b)  Embryonic. — The  next  or  embryonic  stage,  which  lasts  about 
five  weeks  (i.e.,  between  the  end  of  the  first  and  the  end  of  the  sixth 

week  of  intra-uterine  life),  is 
characterised  by  the  arrange¬ 
ment  of  the  cellular  elements 
of  the  embryonic  area  in 
groups  to  form  organs.  This 
embryonic  stage  may,  there¬ 
fore,  be  called  the  stage  of 
organ  formation  or  orga?io- 
genesis.  Any  derangement  in 
the  grouping  of  cells  during 
this  embryonic  stage  results 
in  the  production  of  mon¬ 
strosities  and  congenital  de¬ 
formities.  The  study  of  the 
intra-uterine  conditions  which 
are  capable  of  affecting  the 
healthy  development  of  the 
embryo  constitutes  the  subject 
of  Teratology. 

of  our  knowledge,  understand 
the  nature  of  all  the  disturbances  in  the  normal  organo-genesis  of  an 
individual  before  birth,  which  are  responsible  for  the  production  of 
foetal  monstrosities,  but  the  pioneer  work  of  Camille  Dareste  between 
the  years  1855  and  1891,  as  well  as  that  of  others  like  Allen 
Thomson,  Engel,  Saint-Hillaires,  Boveri,  Roux,  the  brothers  Hertwig, 
and  others,  has  established  the  science  of  experimental  terato-ge?iesis , 
or  the  artificial  production  of  monstrosities,  by  altering  incubation 
conditions  in  the  developing  chick.  They  have  demonstrated  the  effect 
of  gravity  by  allowing  the  incubating  egg  to  stand  with  its  long  axis 
vertical,  when  a  deformed  chick  was  produced.  The  effect  of 
derangement  of  nutrition  in  the  embryonic  period  in  the  production 
of  monstrosities  was  shown  by  the  production  of  a  double-headed 


ect—  ectoderm. 
ent  =  endodeim. 

(Quain’s  “Anatomy.”) 

We  cannot,  in  the  present  state 
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chick  when  an  incubating  egg  was  varnished  over  part  of  its  shell 
so  as  to  prevent  access  of  air  to  the  developing  embryo  inside  it. 
The  effect  of  shaking  and  of  the  passing  of  electric  currents  through 
incubating  hens’  eggs  has  also  been  studied,  but  all  these  experi¬ 
ments  have  little  bearing  upon  the  human  subject,  for,  as  Ballantyne 
remarks,  “  it  is  not  safe  to  expect  that  the  details  in  the  production 
of  mammalian  malformations  will  be  the  same  as  those  which  come 
into  play  in  the  origin  of  avian  monstrosities.”  Fere,  however,  by 
injecting  poisons,  toxins,  microbes,  and  especially  alcohols  of  various 
kinds,  into  the  albumen  of  the  egg  in  the  early  stages  of  its  develop¬ 
ment,  demonstrated  that  it  is  possible  to  retard  or  stop  its  growth, 
or  to  misdirect  development  in  such  a  way  as  to  produce  monstrosities. 
These  results  are  significant  for  mammalian  as  well  as  avian  embryo- 
genesis.  Stockard  has  gone  further  than  Fere,  for,  by  experimenting 
on  guinea-pigs,  he  showed  that  the  administration  of  excess  of  alcohol 
to  the  pregnant  mammal  in  the  early  stages  of  pregnancy,  will,  in  a 
certain  number  of  cases,  lead  to  malformation  in  the  developing 
embryo. 

The  whole  subject  of  terato-genesis  is  one  of  extreme  interest, 
and  will  be  dealt  with  in  greater  detail  presently.  From  what  I 
have  stated,  however,  it  will  be  clear  that  the  embryonic  period  is 
one  of  very  great  importance  in  the  life-cycle  of  the  developing  child. 

(o)  Foetal. — The  next  stage  in  the  ante-natal  life  of  the  child  is 
the  foetal  period ,  which  extends  from  about  the  seventh  to  the  fortieth 
week.  During  this  stage  there  are  no  new  organs  formed,  but  the 
chief  function  of  the  organism  consists  in  growth  along  lines  which 
have  already  been  laid  down  in  the  embryonic  or  organo-genetic 
period.  In  the  early  part  of  this  period  an  intimate  connection  is 
established  between  the  maternal  and  foetal  blood  through  the 
placenta,  which  acts  as  the  organs  of  nutrition,  respiration,  and 
excretion  of  the  foetus.  The  health  of  the  foetus,  therefore,  depends 
upon  the  normal  working  of  the  placenta,  which  we  shall  study 
presently. 

We  have  thus  seen  that  intra-uterine  life  may  be  divided  into 
three  stages,  viz.,  Germinal,  Embryonic,  and  Foetal.  It  is,  however, 
to  be  understood  that  there  is  no  sharp  line  of  demarcation  between 
these  stages.  We  cannot  say  exactly  where  or  when  one  stage 
finishes  and  the  other  begins,  but  there  is  a  gradual  transition  from 
one  into  the  other.  Moreover,  we  have  in  our  classification  omitted 
one  more  stage  in  the  ante-natal  life  of  the  child.  When  I  described 
the  germinal  period,  I  have  only  discussed  that  portion  of  it  which 
comes  into  the  epoch  of  post-conceptional  or  intra-uterine  life. 
The  germinal  period,  however,  must  be  considered  in  the  a?ite-conccp- 
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tional  stage  when  the  germinal  cells,  viz.,  the  ova  and  spermatozoa, 
which  fuse  together  in  impregnation  to  form  the  new  organism,  are 
still  inside  the  reproductive  glands  of  the  respective  parents.  The 
fertilised  ovum  or  stem  cell  must,  of  course,  be  regarded  as  an 
organism  which  bears  in  the  cell  and  nuclear  matter  of  the  sperma¬ 
tozoon  a  part  of  the  father’s  body,  and  in  the  protoplasm  of  the  ovum 
a  part  of  the  mother’s  body.  This  is  obvious  from  the  fact  that  the 
child  inherits  many  features  from  both  parents.  “  The  individual,” 
as  Ballantyne  puts  it,  “is,  as  it  were,  the  meeting  place  of  two  long 
lines  of  spectral  forms,  stretching  away  far  back  into  the  past,  and 
melting  into  an  army  of  shadows,  each  of  which  in  its  time  was  a 
living  being  with  habits  good  and  bad,  with  structures  stoutly  normal 
or  defectively  abnormal ;  the  infant  at  birth  is  a  living  ganglion, 
towards  which  many  lines  of  influence  converge,  and  in  which  they 
meet,  with  effects  which  we  cannot  foretell,  but  about  which,  when 
we  see  them,  we  say  ‘  heredity  determined  them.’  ” 

Summary. — Summarising  what  we  have  described  in  this  chapter, 
we  can  say,  firstly ,  that  the  child  is  not  a  miniature  adult,  but  that  it 
differs  from  an  adult  in  the  following  respects  :  (a)  Anatomical, 

(b)  Physiological,  (c)  Pathological. 

Secondly,  that  Child  Physiology  has  to  be  divided  for  the  purposes 
of  study  into — 

(a)  Ante- Natal. 

1.  Ante-conceptional. 

2.  Conceptional. 

3.  Post-conceptional  or  intra-uterine. 

(i.)  Germinal. 

(ii.)  Embryonic. 

(iii.)  Foetal. 

(b)  Natal. 

(c)  Post-Natal. 

(i.)  Neonatal. 

(ii.)  Infancy. 

(iii.)  Childhood. 

(iv.)  Puberty. 
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CHAPTER  II 


THE  GERMINAL  CELLS 

“  The  functional  phenomena  in  which  there  is  expenditure  of  energy  have  the-ir 
seat  in  the  protoplasm  of  the  cell.  The  nucleus  is  an  apparatus  for  organic 
synthesis,  an  instrument  of  production,  the  germ  of  the  cell.” 

Claude  Bernard.1 

We  have  seen  in  the  last  chapter  that,  in  our  study  of  Child  Physi¬ 
ology,  we  not  only  have  to  trace  the  vital  phenomena  of  the  child 
backwards  from  the  moment  of  birth,  right  through  its  various  stages 
of  intra-uterine  life,  but  that  we  must  trace  it  still  further  back  to  its 
ante-conceptional  germinal  stage  when  the  potential  child  is  still  in 
its  dual  existence  inside  the  germinal  cells  (ovum  and  spermatozoon) 
of  its  parents.  The  child  inherits  its  paternal  traits  by  means  of 
the  spermatozoa,  and  its  maternal  character  by  means  of  the  ovum. 

Heredity  is  the  term  used  to  express  the  fact  of  the  resemblance 
between  offspring  and  parents,  and  as  the  transmission  of  characters 
or  traits  from  one  generation  to  the  next  is  necessarily  carried  out  by 
means  of  the  germinal  cells,  we  shall  have  to  devote  some  consider¬ 
able  space  to  a  discussion  of  the  physical  and  chemical  structure  of 
these  cells,  as  well  as  to  a  consideration  of  the  exact  portions  of  these 
cells  which  are  believed  to  be  directly  concerned  in  the  hereditary 
processes.  But  before  we  study  the  sexual  cells  we  must  say  a  few 
words  about  cells  in  general. 

Cells. — In  1665  Robert  Hooke  first  described  the  cell-unit 
structure  in  cork  tissue,  but  it  was  not  till  1838  that  Schleiden 
demonstrated,  with  the  aid  of  the  microscope,  that  every  plant  was 
made  up  of  innumerable  small  box-like  units  which,  from  their  re¬ 
semblance  to  the  cells  of  a  honeycomb,  he  gave  the  name  of  cells. 
Soon  after,  in  1839,  Theodor  Schwann  showed  that  the  various 
tissues  of  the  animal  body,  such  as  skin,  bone,  muscle,  nerve,  etc., 
when  submitted  to  microscopic  examination,  consisted  of  similar 
cells.  These  cells,  which  differ  in  shape,  size,  and  structure,  are  the 
structural  or  physiological  units  of  the  body  :  “  they  are  the  citizens 
of  the  state  which  the  entire  multicellular  organism  seems  to  be.” 

Although  the  term  cell  is  now  universally  accepted  and  definitely 

1  “  Lemons  sur  les  phenomenes  de  la  vie,”  i.,  1878,  p.  198. 
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fixed  to  express  the  physiological  units  of  the  body,  it  is  a  term  which 
is  unhappily  chosen.  Schleiden  gave  this  name  to  the  elementary 
units  of  plants,  because  in  the  latter  they  generally  have  the  appear¬ 
ance  of  chambers  or  cells  with  firm  walls,  enclosing  a  fluid  or 
gelatinous  material  called  Protoplasm  (by  Mohl),  in  which  is  contained 
a  denser  kernel  called  a  Nucleus  (first  discovered  by  Robert  Brown  in 
1831).  We  know  now,  however,  that  it  is  the  cell  content  and  not 
the  cell  wall  which  is  the  important  thing,  since  many  cells  in  the 
body  have  no  enclosing  membrane.  Hence  a  cell  may  be  defined  as  a 
mass  of  protoplasm  containing  a  nucleus.  This  definition  wras  given 
by  Leydig  in  1852,  and  by  Schultze  in  1861  ;  but  even  this  is  not  a 
satisfactory  one,  since  the  red  cells  of  mammalian  blood  contain  no 
nuclei.  Syncytium  is  the  name  given  to  a  series  of  cells  which  are 
not  separated  by  cell  walls. 

Structure  of  a  Typical  Cell. 

A  typical  cell  (Fig.  4)  does  not  exist,  but  it  should  consist  of  a 
spheroidal  mass  of  protoplasm  limited  by  a  definite  cell  membrane 
or  cell  wall.  The  protoplasm  is  made  up  of  a  combination  of  two 
forms  of  material  which  differ  in  density  and  arrangement.  The 
denser  material  called  Spongioplasm ,  or  ground  substance,  forms  a  fine 
network,  in  which  are  scattered  minute  granules  called  Microsomes, 
and  the  spaces  of  the  spongioplasm  are  filled  with  the  more  fluid 
ground  substance  called  Hyaloplasm.  The  nucleus  has  different 
staining  reactions  from  the  remainder  of  the  protoplasm  of  the  cell, 
and  is  to  be  regarded  as  a  specialised  portion  of  the  protoplasm,  by 
which  all  the  cell  activities  seem  to  be  directed  and  controlled.  To 
distinguish  the  protoplasm  of  the  remainder  of  the  cell  from  the 
nucleus,  the  former  is  called  Cytoplasm. 

The  chief  distinction  of  the  nucleus  is  the  presence  within  it  of 
a  special  phosphorus-containing  granular  substance  called  Chromatin 
— a  name  given  it  on  account  of  the  ease  with  which  it  is  coloured 
with  such  dyes  as  haematoxylin  (logwood)  or  carmine.  It  belongs 
to  the  group  of  chemical  compounds  known  as  the  Nucleo-proteins. 

The  substance  of  the  nucleus,  as  a  whole,  is  termed  Karyoplasm. 
This  karyoplasm,  like  the  cytoplasm,  consists  of  a  reticular  portion 
called  the  linin  network  (the  equivalent  of  the  spongioplasm),  along 
which  the  chromatin  granules  are  distributed,  and  a  less  dense 
Nuclear  sap  or  Paralinin ,  which  is  the  equivalent  of  the  hyaloplasmic 
material  of  the  cytoplasm.  The  chromatin  granules  are  always 
distributed  along  the  linin  fibres,  which  stain  less  readily,  and  are, 
therefore,  described  as  achromatic.  The  nucleus  may  contain  one  or 
more  densely  staining  spherical  bodies  called  Nucleoli.  They  are, 
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however,  not  of  the  same  material  as  the  true  chromatin.  The 
nucleus  may  have  a  definite  enclosing  membrane  or  wall.  Near 
the  nucleus,  and  sometimes  inside  it,  is  another  structure  called  the 
Centrosome ,  which  is  a  minute,  densely  staining  granule.  The  cyto¬ 
plasm  in  the  neighbourhood  of  the  centrosome,  and  directly  under  its 
influence,  is  ordinarily  differentiated  as  the  Archoplasm .  This  archo 
plasm  consists  of  a  central  region  called  the  Centrosphere ,  or  Attrac- 


Fig.  4. — Diagram  of  Typical  Cell  (Kellicott’s  “  Embryology  ”  : 

Constable  &  Co.  Ltd.). 

a ,  Aster  ;  c,  centrosome  ;  ch,  chromatin  ;  cr,  chromidia  ;  cs,  centrosphere  ;  d,  deutoplasmic 
granules ;  en,  endoplasm  ;  ex,  exoplasm  ;  hy,  hyaloplasm  ;  k,  karyosome  ;  l,  linin 
network  ;  m ,  cell  membrane  ;  n,  nucleus ;  nrn ,  nuclear  membrane  ;  o,  nucleolus  ; 
p,  plastids  ;  sp,  spongioplasm. 

tion  sphere ,  which  immediately  surrounds  the  centrosome,  and  of  a 
peripheral  region  from  which  radiate  a  collection  of  diverging  rays 
or  fibres  called,  collectively,  the  Aster.  The  centrosome  and  archo- 
plasmic  structures  have  their  chief  function  in  connection  with  cell 
division,  and  are  usually  much  reduced  in  size  or  altogether  absent 
in  the  resting  or  undividing  stage  of  the  cell.  The  cytoplasm  may 
contain  in  special  kinds  of  cells,  other  organs  or  bodies,  e.g., 
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pigment  bodies  called  Chromoplastids ,  nutritive  substances  called 
Deutoplasm ,  etc. 

Although  I  have  described  a  cell  as  a  structural  or  physiological 
unit,  it  is,  nevertheless,  to  be  recognised  that  in  the  vital  economy  of 
the  organism  the  individual  cells  do  not  behave  like  completely 
autonomic  units,  but  each  cell  or  group  of  cells  influences,  and  is 
influenced  by  the  activities  of  other  cells. 

The  Relation  of  the  Nucleus  to  the  Cytoplasm. 

In  some  of  the  larger  protozoa  it  is  possible  to  divide  the  cell,  by 
means  of  a  fine  needle,  into  two  parts — one  containing  the  nucleus 
and  one  without  it.  When  such  a  division  is  effected  it  is  found 
that  while  the  nucleated  portion  quickly  regenerates  the  missing  part, 
and  continues  to  pursue  a  normal  existence,  the  portion  deprived  of 
its  nucleus  dies  after  a  shorter  or  longer  period.  Hence  we  see  that 
the  growth  of  the  cell  depends  upon  the  existence  and  integrity  of 
its  nucleus.  We  find  the  same  phenomena  in  the  case  of  the  nerve 
cell.  When  a  nerve  is  divided,  the  part  of  the  cell  containing  the 
nucleus  continues  to  live,  while  the  other  part  soon  dies.  In  our 
description  of  the  germ  cells  we  shall  also  see  that  the  nucleus  is 
concerned  in  the  transmission  of  the  hereditary  characters  from 
parent  to  offspring. 

Study  of  the  Chemical  Composition  of  Nuclei. 

The  chemical  nature  of  the  nuclei  may  be  studied  in  several 
ways 

(a)  By  comparing  the  composition  of  cells  consisting  chiefly 
of  nuclei  (e.g. ,  pus  cells)  with  that  of  cells  composed  mainly  of 
cytoplasm  (e.g.,  muscle,  mammalian  red  blood  corpuscles,  etc.).  Any 
substance  which  is  found  in  preponderating  amount  in  the  former 
can  be  reasonably  assumed  to  originate  from  the  nuclei. 

(b)  Micro-chemical  staining  reactions. 

(c)  By  actually  separating  the  nucleus  from  the  cytoplasm  and 
analysing  each  separately.  (See  p.  28.) 

Cell  Division. 

As  we  shall  have  a  good  deal  to  do  with  division  of  cells,  it  is  necessary  to 
describe  briefly  the  changes  occurring  in  the  cell,  and  especially  in  the  nucleus 
during  the  process  of  division. 

The  division  of  cells  occurs  in  two  different  ways.  The  simpler  and  less  frequent 
method  is  called  direct  division  or  A  mitosis.  Here,  after  the  division  of  the  nucleolus 
by  simple  constriction  into  two  separate  nucleoli,  the  whole  nucleus  divides,  also 
by  constriction,  into  two  daughter  nuclei.  The  nuclear  division  is  then  followed  by 
tbe  development  of  a  cell  wall  between  the  two  daughter  nuclei,  thus  dividing  the 
cytoplasmic  portion  of  the  cell  into  two  daughter  cells,  each  containing  a  nucleus. 

The  more  usual  method  of  cell  division,  however,  is  that  termed  indirect  cell 
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division ,  Mitosis ,  tfr  Karyokinesis.  In  this  method  of  division  there  is  the  follow¬ 
ing  succession  of  changes  (Fig.  5) : — 

1.  The  centrosome  divides  into  two. 


2.  The  chromatin  granules  become  more  distinct,  enlarge  rapidly,  and  undergo 
some  change  in  chemical  constitution  indicated  by  an  increase  in  staining  capacity. 
Some  of  them  come  to  be  arranged  upon  the  linin  fibres  in  a  linear  or  bilinear 
series.  The  chromatin  and  linin  thus  form  a  tangled  thread  or  ribbon  called  the 


t6  PRINCIPLES  OF  CHILD  PHYSIOLOGY 


Skein,  or  spireme.  It  is  to  be  noted,  however,  that  only  a  small  portion  of  the 
chromatin  fibres  is  included  in  the  spireme,  the  greater  portion,  togeiher  with  the 
nuclear  sap,  being  thrown  into  the  cytoplasm  by  the  dissolution  of  the  nuclear 
membrane. 

3.  The  two  centrosomes  now  begin  to  diverge,  and  the  surrounding  centrosphere 
divides  into  two  portions,  one  portion  accompanying  each  centrosome.  As  the 
two  centrospheres  recede  from  each  other,  there  appear  within  each  of  them  fibres 
radiating  from  the  centrosome,  as  centre,  and  producing  the  Asters. 

4.  Simultaneously  with  the  aster  formation  the  nuclear  membrane  dissolves 
and  disappears,  leaving  the  nucleus  free  in  the  cytoplasm. 

5.  The  spireme  now  breaks  up  into  a  number  of  separate  rods  or  segments 
called  the  Chromosomes ,  each  of  which  consist,  therefore,  of  masses  of  chromatin 
granules  enclosed  within  the  portions  of  linin. 

6.  While  the  chromosomes  are  forming,  the  centrosomes  and  asters  continue 
to  recede  and  pass  toward  opposite  sides  of  the  nucleus,  the  rays  of  the  aster, 
together  with  the  linin  fibres,  forming  a  spindle-shaped  structure  lying  between  the 
centrosomes,  and  passing  among  the  chromosomes. 

This  spindle  is  called  the  Amphiaster  or  achromatic  figure  (distinguishing  it 
from  the  chromatic  portion  of  the  nucleus,  which  is  now  included  in  the  chromo¬ 
somes). 

The  definite  transformation  of  the  chromatin  into  the  chromosomes,  and  of  the 
achromatic  substance  into  the  amphiaster,  marks  the  termination  of  the  first  phase 
of  mitosis  known  as  the  Prophase. 

7.  The  achromatic  spindle  draws  the  chromosomes  into  a  circle  about  the 
equator  of  the  spindle,  forming  the  equatorial  plate.  This  phase  is  called  the 

Mesophase. 

8.  Each  chromosome  now  splits  longitudinally  into  two  parallel  halves,  thus 
forming  two  groups  of  daughter  chromosomes,  each  of  which  groups  being  similar 
to  the  original  group,  except  in  size.  This  phase  is  called  the  Metaphase. 

9.  The  fibres  from  the  opposite  poles  of  the  spindle,  which  are  now  attached 
to  the  daughter  chromosomes  in  their  middles,  now  contract,  thus  pulling  them 
towards  the  region  of  the  centrosomes.  This  period  is  called  the  Anaphase. 

10.  The  two  chromosome  groups  are  finally  drawn  completely  to  the  opposite 
poles  of  the  spindle,  when  the  final  phase,  called  the  Telophase,  is  reached.  During 
this  phase  the  cytoplasm  of  the  cell  becomes  divided  into  two  portions  as  the  result 
of  peripheral  constriction  in  a  plane  corresponding  with  the  equatorial  plate,  thus 
forming  two  complete  daughter  cells,  in  which  the  chromosomes  lose  their 
distinctness,  forming  separate  granules,  w'hich  become  the  chromatin  of  the  nucleus 
of  each  of  the  two  new  cells. 

Summarising  the  stages  in  mitoses  we  have 

(a)  The  Prophase — during  which  the  chromatic  portion  of  the 
nucleus  is  transformed  into  chromosomes  =  Stage  of  preparation. 

(b)  The  Mesophase — during  which  the  chromosomes  become 
arranged  into  the  equatorial  plate. 

(c)  The  Metaphase  —  when  the  chromosomes  split  into  two 
halves  =  Stage  of  cleavage. 

(d)  The  Anaphase  and  Telophase,  during  which  the  chromosomes 
get  pulled  to  the  opposite  poles  of  the  spindle  =  Stages  of  separation 
and  reconstruction. 

The  most  important  things  that  occur  during  mitosis  are  the 
formation  and  splitting  of  the  chromosomes.  It  is  to  be  remembered 
that  the  number  of  chromosomes  which  appear  during  mitosis  is 
absolutely  fixed  and  constant  for  each  species  of  animal ,  although  the 
number  varies  greatly  in  different  species  of  organism.  There  is, 
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however ,  no  relation  between  the  degree  of  complexity  of  the  organism 
and  the  nu?nber  of  chromoso?nes  i?i  its  nuclei. 

The  following  are  the  numbers  found  in  the  tissue  cells  of  some 
of  the  familiar  organisms  : — 

Rat,  guinea  pig,  ox,  16;  frog,  mouse,  man  (female),  24;  earth¬ 
worm,  32 ;  Ascaris  megalocephala ,  4 ;  Ascaris  lumbricoides ,  48 ; 
Paramoecium,  200. 

The  whole  process  of  mitosis,  which  may  last  from  a  quarter  to 
two  or  more  hours,  seems  to  be  a  mechanism  for  effecting  the  equal 
distribution  of  the  daughter  chromosomes  to  the  daughter  cells. 

This  leads  one  to  believe  that  the  chromosomes  constitute  the 
chief  physiological  elements  of  the  nucleus,  and  therefore  of  the  cell. 

That  matter  is  actually  transferred  from  the  chromosomes  into  the  cell  body 
is  proved  from  the  following  observations  of  J.  Riickert.1  He  noticed  that 
during  the  growth  of  the  dog-fish  ovum  the  chromosomes  increased  both  in 
number  and  in  size.  Thus  in  one  of  the  youngest  ova,  which  measured  2  mm. 
in  diameter,  there  were  30-36  chromosomes,  each  of  which  was  ]2  g  long  and 
2  /ub  in  bulk.  Later,  in  nearly  ripe  eggs,  the  length  of  a  chromosome  reached 
100  g,  and  its  bulk  became  7,850  g3,  or  more  accurately  (since  it  has  meanwhile 
become  doubled  by  division)  15,750  g3.  Still  later,  just  before  the  formation 
of  the  first  polar  body,  the  length  of  each  chromosome  diminishes  to  2  g3, 
and  the  cubic  contents  of  a  double  rod  to  3  g3. 

Although  the  chromosomes  can  only  be  seen  in  fixed  and 
stained  nuclei,  yet  it  is  practically  certain  that  they  are  not  artefacts 
(i.e.,  are  not  produced  by  the  fixing  agent),  but  that  they  exist  in 
the  living  nucleus.  This  is  deduced  from  the  fact  that  they  always 
appear  during  mitosis,  and  always  assume  the  same  morphological 
appearance. 

The  Germ  Cells. 

The  elements  concerned  in  reproduction,  viz.,  spermatozoa  and 
ova,  are  single  cells  which  are  highly  differentiated  in  their  internal 
structure  and  function.  These  male  and  female  germinal  cells 
are  alike  with  respect  to  their  nuclear  structure  and  composition, 
but  they  exhibit  differences  in  form  which  are  associated  with 
their  fundamental  differences  in  function.  The  unfertilised  ovum , 
especially  the  non-mammalian  one,  devotes  itself  mainly  to  the  storage 
of  food  substances  which  are  to  form  the  material  basis  of  the  new 
individual,  as  well  as  to  the  accumulation  of  potential  energy.  It 
is,  therefore,  a  large  cell  containing  within  its  cytoplasm  a  mass  of 
food  material  or  deutoplasm  (the  yolk).  The  spermatozoo?i,  on  the 
other  hand,  contributes  comparatively  little  substance  (and  that 
chiefly  nuclear)  to  the  fertilised  ovum,  but  concerns  itself  mainly 
with  the  function  of  seeking  out  the  ovum.  It  is,  therefore,  a  very 

1  Anat.  Anzeiger ,  10th  March  1892, 


2 


1 8  PRINCIPLES  OF  CHILD  PHYSIOLOGY 

small  cell  containing  a  minimum  of  cytoplasm  and  no  deutoplasm 
whatever,  but  it  is  provided  with  a  long  tail,  the  rapid  vibrations  of 
which  cause  the  spermatozoon  to  move  quickly  in  order  to  find  the 
passive  ovum.  Its  finding  of  the  ovum  is  further  ensured  by  the 
huge  disproportion  between  the  number  of  spermatozoa  and  ova. 
Thus  Lode  calculated  that  while  the  total  number  of  spermatozoa 
formed  in  man  between  the  ages  of  twenty-five  and  fifty-five  may 
average  340  thousand  millions  (340  billions),  the  number  of  ova 
matured  during  the  reproductive  period  of  the  female  is  only  400, 
thus  giving  a  proportion  of  850  millions  spermatozoa  for  each  ovum. 

Structure  of  Ovum. 

The  size  of  the  ovum  is  not  correlated  with  the  size  of  the 
animal  producing  it,  but  is  in  general  related  to  the  amount  of  food 
substance  stored  in  it.  Thus  in  mammals  the  eggs  are  smallest, 
being  only  about  0*3  mm.  in  diameter  in  the  human  female,  whilst 
the  largest  eggs  are  those  of  birds,  being  in  some  cases  several 
inches  in  diameter,  and  constituting  the  largest  known  cell. 

The  Human  Ovum  (Fig.  6). 

The  human  ovum  was  discovered  in  1827  by  Baer.  It  is  a 
small  spherical  vesicle  measuring  about  0  3  mm.  in  diameter.  Like 
every  cell  it,  of  course,  consists  of  cytoplasm  and  a  nucleus. 

The  cytoplasm  is  filled  with  globules  and  granules  of  different 
sizes.  The  deutoplasmic  bodies,  which  in  the  human  ovum  are 
very  minute  and  ill  defined,  are  spoken  of  collectively  as  the  yolk. 
The  amount  and  distribution  of  the  yolk  is  the  main  factor  in 
determining  the  development  of  the  fertilised  ovum.  Thus  in  the 
bird  the  ovum  contains  all  the  necessary  food  material  required 
by  the  chick  until  it  is  sufficiently  developed  to  emerge  from  the 
egg.  In  the  frog  the  yolk  is  sufficient  for  the  early  stages  only, 
while  in  many  invertebrates  the  organism  is  set  free  in  a  still 
earlier  state  of  development.  In  the  mammal,  however,  the  ovum 
is  able  to  derive  its  nutriment  from  the  uterus  and  can  therefore 
get  on  with  its  very  small  amount  of  yolk. 

The  deutoplasm  of  yolk  substance  may  be  distributed  throughout  the  egg 
in  different  ways.  It  may  be  uniformly  distributed  throughout  the  cytoplasm 
when  the  egg  is  called  Homolecithal  or  Isolecithal,  e.g.,  the  egg  of  the  star-fish, 
sea-urchin,  and  mammals. 

In  Telolecithal  eggs  the  yolk  is  accumulated  towards  the  vegetal  pole,  e.g., 
eggs  of  vertebrates.  In  Centrolecithal  eggs,  e.g. ,  those  of  Arthopoda  and  insects, 
the  yolk  is  situated  in  the  region  of  the  centre. 

The  Nucleus  is  usually  large  and  spherical  and  eccentrically 
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situated.  It  was  first  discovered  in  the  human  ovum  by  Coste 
in  1883,  though  Purkinje  first  described  it  in  the  bird’s  ovum  in  1825, 
when  he  called  it  the  Germinal  vesicle.  It  is  about  30  to  45  /x  in 


Fig.  6.  —  Human  Ovum  (Gray’s  “Anatomy”). 


diameter,  and  consists  of  a  nuclear  membrane  enclosing  the  karyo- 
plasm,  as  well  as  one  or  more  nucleoli. 

Near  the  nucleus,  in  a  young  ovum,  there  is  a  body  ( idioso?ne ) 
corresponding  to  the  attraction  sphere  of  other  cells.  The  ova  in 
various  stages  of  development  lie  inside  vesicles  or  follicles  within 
the  ovary.  These  vesicles  are  called  Graafian  follicles ,  and  the  ova 
during  the  intra-ovarian  life  are  known  as  oocytes  (Fig.  7). 
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The  formation  of  ova  begins  in  early  foetal  life.  The  ovary  of  the 
new-born  infant  contains  from  36,000  to  200,000  ova,  of  which  no 
more  than  about  30,000  remain  at  puberty,  the  others  having 
undergone  atrophy,  and  having  served  as  food  material  for  the  more 
vigorous  ova.  Of  these  30,000,  no  more  than  about  400  become 
mature,  one  at  each  menstrual  period  between  the  ages  of  about 
fifteen  to  forty-five. 


Fig.  7. — Early  Stage  of  Graafian  Follicle. 

Maturation  of  Ovum  (Fig.  8). 

By  the  term  maturation  is  meant  the  series  of  changes  which  an 
ovum  undergoes  before  it  becomes  ripe  for  fertilisation,  and  thus 
begins  the  life  of  the  new  organism  as  an  individual.  Since  in 
fertilisation  what  essentially  happens  is  the  union  of  an  egg  nucleus 
with  a  sperm  nucleus,  it  is  obvious  that  the  repeated  union  of  nuclei 
of  the  usual  type  would  lead  to  a  rapid  and  limitless  increase  in 
chromatic  elements,  the  fertilised  ovum  of  each  generation  containing 
double  the  number  of  chromosomes  of  the  preceding  generation.  In 
order  to  prevent  such  an  accumulation,  and  yet,  at  the  same  time,  to 
permit  the  fusion  of  the  germ  cell  nuclei,  it  is  clear  that  a  reduction 
in  the  number  of  chromosomes  and  amount  of  chromatin  must  take 
place  in  each  germ  cell  before  its  fusion  with  the  other.  The  series 
of  events  leadi?ig  to  this  reduction  of  chromatin  material  constitutes 
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Polar  bodies. 


Fig.  8a. — Illustrating  the  Reduction  in  the  number  of 
Chromosomes  in  the  process  of  Maturation  of 
the  Ovum  (Gray's  “Anatomy”). 


maturation.  The  essential  facts  about  maturation  were  first  described 
by  Van  Beneden  in  1883,  who  discovered  that  the  nuclei  of  the 
conjugating  cells  contain  only  half  the  number  of  chromosomes 
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possessed  by  other  cells  in  the  body.  The  process  was  afterwards 
more  closely  studied  by  Boveri  in  1887,  and  more  recently  by 
Montgomery  in  1904. 

Before  or  after  the  egg  reaches  the  Fallopian  tube,  the  nucleus 
divides  by  undergoing  a  modified  mitosis ,  the  chief  peculiarity  of 
which  consists  in  the  fact  that  the  resulting  daughter  nuclei,  instead 
of  containing  the  same  number  of  chromosomes,  only  contain  half 
the  original  number.  Such  a  reduced  number  of  chromosomes  is 
called  haploid ,  as  opposed  to  the  diploid  or  normal  number,  and  the 
modified  mitosis  leading  to  this  reduction  is  called  Meiosis ,  or 
heterotype  mitosis.  The  mother  cells  of  the  mature  ovum,  the 
primary  oocyte,  divide  twice,  giving  rise  to  four  daughter  cells  of 
very  unequal  size.  In  the  first  division,  the  heterotypical  one,  the 
chromosomes  fuse  in  pairs  and  then  divide,  not  longitudinally  but 
transversely,  so  that  each  of  the  daughter  cells  contains  only  half  the 
ordinary  number  of  chromosomes. 

The  larger  of  the  two  resulting  daughter  cells,  which  retains  most 
of  the  cytoplasm,  is  called  the  secondary  oocyte,  whilst  the  smaller  one 
is  spoken  of  as  the  first  polar  body  (see  Fig.  8).  The  secondary 
oocyte  now  divides  again,  the  division  being  now  of  the  ordinary 
mitotic  (or  homotype)  variety,  into  the  mature  ovum  and  the  second 
polar  body.  The  first  polar  body  may  divide  again,  so  that  from  the 
original  primary  oocyte  four  cells  are  produced,  one  of  which  (the 
mature  ovum)  retains  the  greater  part  of  the  cytoplasm,  whilst  the 
others  are  extruded  and  degenerate. 

The  important  thing ,  however ,  to  remember  is  that  the  mature  ovum 
has  only  half  the  normal  number  of  chromosomes  ( i.e .,  12  instead  of  24 
in  the  case  of  human  ovum).  The  final  result,  therefore,  of  the 
maturation  process  of  the  ovum  is  the  formation  of  four  daughter 
cells,  whose  nuclei  are  alike  in  size  and  composition,  but  which  differ 
in  the  amount  of  cytoplasm  and  deutoplasm  they  contain,  since  the 
polar  bodies  contain  only  the  smallest  amount  of  cytoplasm,  and 
practically  no  deutoplasm  at  all.  Moreover,  of  these  four  daughter 
cells,  only  one,  the  mature  ovum,  is  able  to  function  or  even  to 
remain  alive,  and  take  part  in  the  development  of  the  new  organism. 
The  others,  the  polar  bodies,  very  soon  degenerate  and  disappear. 

Size  of  Polar  Bodies. 

There  is  very  great  variation  in  the  actual  size  of  these  bodies.  In  the 
human  being  the  dimensions  of  the  polar  bodies  are  of  course  unknown,  but  in 
the  mouse  their  diameter  has  been  found  to  be  13  micra  (a  micron,  /x,  =  1/1000 
mm.),  or  about  1/5  of  the  diameter  of  the  egg. 

They  are  smallest  in  Echinoderms,  where  they  are  only  5  to  8  /t.  On  the 
other  hand,  in  most  Amphiorus  the  polar  bodies  may  sometimes  be  as  large 
as  the  ovum  itself,  and  may  even  be  fertilisable,  but  their  development  never 
proceeds  beyond  an  incomplete  cleavage. 
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The  process  of  maturation  has  not  been  proved  in  the  case  of 
human  beings,  but  as  it  has  been  observed  in  all  the  lower  animals 
which  have  been  studied,  it  is  reasonable  to  assume  that  it  also 
occurs  in  woman. 

The  Human  Spermatozoon  (Fig.  9). 

In  1677  Hamm,  who  was  a  pupil  of  the  Dutch  naturalist,  Leeu 
wenhoek,  directed  the  latter’s  attention  to  the  thread-like  particles 


Head. 

Neck. 

Connecting 

piece. 


Fig.  9.— Human  Spermatozoa. 

a,  Profile  view. 

b ,  Surface  view. 

f,  Diagrammatic  representation  of  the  head,  neck,  and 
connecting  piece  more  highly  magnified  (Gray’s 
“Anatomy”). 


in  the  male  sperm,  but  their  significance  was  not  understood  until 
the  Italian  physiologist,  Spallanzani,  showed,  a  century  later,  that 
the  mobile  spermatozoa  were  the  essential  factors  in  fertilisation, 
since  the  filtered  seminal  fluid  was  found  to  be  impotent.  In 
1841  Kolliker  discovered  that  the  spermatozoa  arise  from  the  cells 
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of  the  testis,  and  two  years  later,  in  1843,  Barry  actually  observed 
the  conjunction  of  spermatozoa  and  ovum  in  the  rabbit.1 

Lode  has  shown  that  in  an  average  emission  of  semen  in  man,  i.e., 
3’373  c.c.,  there  are  about  226,000,000  spermatozoa,  but  that  the 
number  may  vary  between  zero  and  551,000,000.  The  average 
number  in  a  cubic  millimetre  is  60,000,  and  the  total  number  pro¬ 
duced  in  man  between  the  ages  of  twenty-five  and  fifty-five  is  about 
340,000,000,000  ! 2  As  we  shall  see  later,  out  of  the  huge  number 
of  spermatozoa  contained  in  one  ejaculation,  only  one  can  enter  and 
fertilise  an  ovum,  and  hence,  after  making  allowance  for  the  millions 
which  get  destroyed  in  the  acid  vaginal  secretion,  there  is  still  an 
immense  number  left  to  seek  out  the  ovum. 

Structure  of  Spermatozoon. 

In  contrast  to  the  ovum,  which  is  one  of  the  largest  cells  in  the 
body,  the  spermatozoon  is  one  of  the  smallest  cells  in  the  animal 
body.  When  fully  formed,  spermatozoa  bear  little  resemblance  to 
ordinary  cells,  yet  their  individual  history  undoubtedly  shows  them 
to  be  such,  as  proved  first  by  Schweiger-Seidel  and  La  Vallette 
St  George  in  1865. 

A  fully  developed  spermatozoon  is  a  minute  thread-like  cell 
consisting  of  (a)  a  flattened  egg-shaped  head,  which  is  chiefly  made 
up  of  the  nucleus  of  the  cell  surrounded  by  a  very  thin  layer  of 
cytoplasm,  and  stains  readily  with  all  nuclear  dyes.  Though  it  is 
much  smaller  than  the  egg  nucleus,  it  contains  practically  the  same 
amount  of  chromatin. 

(i b )  A  middle  piece,  which  is  a  short  cylindrical  body  just  behind 
the  head,  which  represents  the  chief  cytoplasmic  portion  of  the  cell, 
and  contains,  near  the  base  of  the  head,  a  small  knob  which  represents 
the  centrosome. 

(c)  A  long  delicate  vibratile  tail  representing  the  cytoplasm. 

Size. — The  human  spermatozoon  has  a  total  length  of  about 
60  /x,  of  which  the  head  is  about  4  /x  long,  the  middle  piece  about 
6  /x,  and  the  tail  about  50  /x.  The  width  of  the  head  is  about  23  /i, 
and  its  thickness  (when  the  head  is  flattened)  about  1  /x.  The  volume 
of  the  human  spermatozoon  is  only  about  1/195,000  that  of  the  egg. 
The  number  of  spermatozoa  in  human  semen  has  already  been  stated. 

It  is  obvious  from  these  measurements  that  the  amount  of 
material  actually  contributed  by  the  spermatozoon  to  the  fertilised 
ovum  is  exceedingly  little. 

1  Philosophical  Transactions,  1843. 

2  “  Untersuchungen  liber  die  Zahlen,  usw.,  der  spermatozoiden  bei  Hund  und 
Mensch,”  Pflitger's  Arch.,  50,  1891,  p.  278. 
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Movement  of  Spermatozoon. 

Lott  has  shown  that  the  rate  at  which  human  spermatozoa 
progress  is  3*6  mm.  per  minute,  i.e.,  about  sixty  times  their  own 
length.1  In  three  hours  they  can  travel  from  the  external  orifice  of 
the  hymen  to  the  cervix  uteri.  If  a  man  walked  sixty  times  his 
height  per  minute,  he  would  walk  a  mile  in  about  fifteen  minutes. 
Bischoff  found  spermatozoa  at  the  top  of  the  oviduct  in  the  rabbit 
nine  or  ten  hours  after  coitus. 

This  movement  is  carried  out  by  their  tails.  The  wave  of 
movement  first  starts  in  the  fore-part  of  the  tail,  and  then  rapidly 
travels  backwards  to  the  end,  to  be  succeeded  by  a  fresh  and  similar 
wave.  The  head  is  not  concerned  in  the  movements  of  locomotion, 
the  driving  force  being  situated  a  little  behind  the  head. 

Maturation  of  Spermatozoa  (Fig.  10). 

We  have  already  seen  that  in  order  to  obviate  the  doubling  of  the 
number  of  chromosomes  in  the  fertilised  ovum  of  each  succeeding 
generation,  a  reduction  in  the  number  of  chromosomes  and  amount 
of  chromatin  must  take  place  in  each  germ  cell  before  its  fusion  with 
its  mate.  The  haploid  mitosis  leading  to  the  halving  of  chromosomes 
in  the  egg  nucleus  has  already  been  described.  A  similar  heterotype 
mitosis  takes  place  in  the  maturation  of  spermatozoa.  The  mother 
cells  of  the  spermatozoa — the  primary  spermatocyte — -divide  twice, 
giving  rise  to  four  daughter  cells  (see  Fig.  10).  In  the  nuclear 
changes  preparatory  to  the  first  division,  the  spireme,  when  it  breaks 
off,  gives  rise  to  only  half  the  normal  number  of  chromosomes  (e.g., 
twelve  instead  of  twenty-four).  These  take  up  their  position  at 
the  equator  of  the  amphiaster  and  then  divide,  but  the  division  is 
effected,  not  by  longitudinal  splitting  but  by  transverse  division. 
Half  of  each  chromosome  goes  to  each  daughter  cell  (secondary- 
spermatocyte).  In  the  second  division  of  these  daughter  cells  the 
chromosomes  split  longitudinally  (i.e.,  in  the  normal  mitotic  manner), 
giving  rise  to  four  mature  spermatozoa,  each  of  which  contains  only 
half  the  number  of  chromosomes  of  the  original  spermatocyte. 

Similarity  and  difference  between  Maturation  of  Ovum  and  that 
of  Spermatozoon. 

We  thus  see  that  the  process  of  maturation  of  spermatozoa  is 
exactly  similar  to  that  of  the  ovum,  except  in  one  important  difference, 
viz.,  that  while  in  the  case  of  the  latter  only  one  of  the  four  daughter 
cells  becomes  mature  and  capable  of  physiological  activity,  the  others 


1  Lott,  “  Anatomie  und  Physiologie  des  cervix  uteri,”  Erlangen,  1871. 
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degenerate  as  the  polar  bodies  ;  in  the  case  of  the  male  germ  cells, 
all  the  four  daughter  cells  become  mature  spermatozoa. 

Vitality  of  Spermatozoa. 

The  duration  of  life  of  the  spermatozoa  varies  widely  in  different 
species  of  animals.  According  to  Leeuwenhoek,  living  spermatozoa 
have  been  found  in  the  internal  genital  organs  of  female  rabbits  eight 
days  after  intercourse.  Marshall  and  Jolly 1  found  living  spermatozoa 
in  the  vasa  deferentia  of  rabbits  ten  days  after  the  removal  of  the 
testes.  According  to  Lang,  spermatozoa  may  live  in  the  vesiculae 


Fic.  10. — Analogies  in  the  Process  and  Maturation  of  the  Ovum 
and  Spermatozoa  (Gray’s  “Anatomy”). 


semenale  of  snails  for  as  long  as  three  years.  Marshall  states  that 
queen  ants  have  been  known  to  lay  fertile  ova  thirteen  years  after 
the  last  intercourse  with  a  male.2 

What  is  of  interest  to  us,  however,  is  the  vitality  of  human 
spermatozoa.  The  longest  period  which  human  spermatozoa  have 
been  known  to  survive  is  recorded  by  Diihrssen,  who  found  living 
spermatozoa  in  a  woman  three  and  a  half  weeks  after  intercourse.3 

The  Chemical  Composition  of  the  Germ  Cells. 

The  Ovum. — Very  little  is  known  concerning  the  chemistry  of 
the  mammalian  ovum,  and  our  knowledge  of  the  chemistry  of  the 
ovum  is  derived  almost  entirely  from  analysis  of  the  hen’s  egg. 

1  Phil.  Trans.,  B.,  cxcviii.,  1905. 

2  See  Marshall’s  “  Physiology  of  Reproduction,”  London,  1910,  p.  186. 

:1  “  Centralbl.  f.  Gynak.,”  1893. 
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The  following  table  gives  the  composition  of  each  of  the  parts  of 
a  hen’s  egg  : — 


White  of  Egg. 

Yolk  of  Egg. 

Water 

Per  Cent. 

85-88 

Per  Cent. 

47-19 

Protein  - 

13-0 

15-63 

Fat  - 

0-3 

22-84 

Phosphorised  fat  (calculated  as 

>  a  trace 

10-72 

lecithin) 

Cholesterin  - 

>> 

1-75 

Reducing  sugar  - 

” 

a  trace 

Inorganic  salts  - 

0-7 

0-96 

Ash  ------ 

4-61 

2-91 

In  addition  to  its  richness  in  phosphorus,  the  yolk  is  further 
distinguished  by  the  presence  of  iron,  which  is  present  in  greater 
quantity  than  in  any  other  food-stuff. 


Chemistry  of  Semen. 

The  average  amount  of  semen  discharged  by  man  in  an  ejacula¬ 
tion  is  about  3*5  gm.1 2 


Composition .3 

Per  Cent. 

Water 

- 

-  90-32 

Dry  residue 

- 

-  9-68 

Inorganic  salts 

- 

-  0-90 

Organic  material  - 

- 

-  8-78 

Ether  soluble  matter 

_ 

-  0-17 

Extractives  soluble  in 

alcohol  and  water 

-  6-11 

Proteins  - 

- 

-  2-09 

The  specific  gravity  is  10,364  (Lode). 

The  ash  contains  a  very  large  amount  of  calcium  and  phosphoric 
acid,  viz.,  about  20  per  cent.  Ca  and  30  per  cent.  P205.  The 
amount  of  calcium  excreted  in  an  ejaculation  is  therefore  about 
0*01  gm.,  and  as  Cramer  points  out,  exceeds  that  contained  in  an 
equal  quantity  of  lime  water. 

The  secretion  of  the  prostate  contains,  in  the  case  of  some 

1  Lode,  Pfl.  Arch.,  vol.  50,  1891. 

2  Slowtzoff,  Zeitschr.  Physiol.  Chem .,  35,  1902,  pp.  302,  303. 
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animals,  a  ferment  vesiculase ,  which  appears  to  have  the  property 
of  ensuring  fertilisation,  since  it  occurs  only  in  those  animals  where 
the  contact  between  the  sexes  is  of  very  short  duration.1 

Chemistry  of  Spermatozoa. 

Miescher 2  investigated  the  chemical  composition  of  the  different 
parts  of  the  spermatozoon,  and  found  as  follows  : — 

(a)  The  head  consists  almost  entirely  (i.e.,  96  per  cent.)  of  a 
substance  very  rich  in  phosphorus  and  nitrogen,  and  belonging  to  the 
group  of  chemical  compounds  known  as  nucleo-proteins,  which  are 
combinations  of  a  basic  substance  rich  in  nitrogen  called  Protamine, 
and  an  acid  substance  very  rich  in  phosphorus  called  Nucleinic  Acid. 
The  other  4  per  cent,  of  the  substances  of  which  the  head  of  a 
spermatozoon  consists  are  traces  of  fat,  lecithin,  and  cholesterin, 
inorganic  salts— mainly  the  phosphate  and  carbonate  of  calcium — 
and  an  organic  substance  containing  0T2  iron,  to  which  the  name  of 
Karyogen  has  been  applied. 

Macallum  3 4  has  shown,  by  micro-chemical  methods,  that  nuclear 
chromatin  contains  iron,  and  hence  it  is  possible  that  the  karyogen 
represents  the  chromatin  substance  of  the  spermatozoon. 

(b)  The  tail  has  the  following  percentage  composition  : — 


Proteins 

- 

41 ’90  per  cent. 

Phosphorised  fats 

- 

3L83 

Cholesterin  and  fat 

- 

26-27 

The  composition  of  the  spermatozoon 

as  a  wholed 

Nuclein 

- 

46‘68  per  cent. 

Protamine 

- 

26-76 

Proteins 

- 

10-32 

Lecithin 

- 

7-47  „ 

Cholesterin 

- 

2-24  „ 

Fat 

- 

4-53  „ 

Method  of  separating  the  head  of  the  Spermatozoon  from  the 
tail  for  the  purpose  of  Chemical  Analysis. 

The  following  is  the  method  adopted  by  Miescher.  He  took  the 
testes  of  a  fish,  such  as  a  salmon,  and  after  grinding  them  to  a  pulp, 
strained  them  through  cheese  cloth,  which  allows  the  spermatozoa 
to  go  through,  but  keeps  back  the  connective  tissue.  He  then 

1  Camus  and  Gley,  Compt.  Rendus ,  123,  1896. 

2  “  Histo-chemische  und  Physiologische  Arbeiten,”  Leipzig,  1897,  p.  359. 

Proc.  Roy.  Soc . ,  vol.  50,  1892. 

4  Miescher,  quoted  by  Halliburton  in  Schafer's  “Physiology,”  vol.  1,  p.  92. 
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suspended  the  spermatozoa  in  normal  saline,  and  centrifugalised 
them,  in  order  to  free  them  from  the  liquid  in  which  they  are 
suspended  in  the  testes.  This  operation  is  carried  out  a  couple  of 
times,  after  which  the  spermatozoa  are  suspended  in  distilled  water. 
In  this  medium  the  tails  swell,  and  when  the  mixture  is  centrifugalised 
the  heads,  which  are  much  heavier  and  denser  than  the  swelled  up 
tails,  separate  at  the  bottom  of  the  centrifuge  tube ;  the  heads  are 
collected,  washed  in  distilled  water,  and  again  subjected  to  centrifugal 
action.  After  several  such  washings  the  heads  are  obtained  entirely 
free  from  the  tails. 

The  tails  are  found  in  the  centrifuge  tube,  in  the  slimy  layer 
above  the  mass  of  heads. 

Functions  of  the  various  Constituents  of  the  Spermatozoon. 

Iron. — The  function  of  the  iron  in  the  karyogen  is  probably  to 
convey  oxygen  necessary  for  cell  metabolism,  in  the  same  way  that 
the  iron  plays  the  chief  part  in  carrying  oxygen  in  the  case  of  the  red 
blood  corpuscles.  Lillie,  by  means  of  Ehrlich’s  methylene  blue 
method  (methylene  blue  being  decolorised  on  oxidation),  found  that 
the  maximum  oxidation  of  any  cell  actually  lies  in  the  immediate 
vicinity  of  its  nucleus,  and  Spitzer1  has  shown  that  the  oxidising 
ferments  which  are  obtained  in  various  extracts  made  from  various 
cellular  tissues  are  localised  in  the  iron-containing  constituent  of 
the  nucleus.  Wolfang  Ostwald2  ascertained  the  amount  of  oxidising 
ferments  present  in  the  sexual  cells  of  Amphibia.  He  found  that 
watery  extracts  of  the  testes  and  ovaries  in  those  animals  were 
capable  of  decomposing  H202  into  H20  and  oxygen,  indicating  the 
presence  of  a  catalase ,  and  of  oxidising  guiaconic  acid  to  guaiacum 
blue  so  that  a  blue  colour  appeared  when  these  extracts  were  added 
to  a  guaiac  resin  emulsion,  pointing  to  the  presence  of  a  perioxidase. 

The  presence  of  a  catalase  and  perioxidase  ferments  has  been 
found  in  nearly  all  the  cellular  tissues  of  the  body,  but  Ostwald 
found  that  the  amount  of  each  of  these  ferments  was  greater  in 
spermatozoa  than  in  ova.  Ostwald  is  therefore  of  opinion  that  the 
introduction  of  these  oxidising  ferments  by  the  spermatozoon  into 
the  ovum  on  fertilisation  induces  a  chemical  synthesis  of  nuclear 
material  initiating  the  process  of  development.  (See  further  Loeb’s 
“Theory,”  Chap.  III.,  pp.  36  et  seq.) 

As  regards  the  functions  of  the  other  constituents  of  the 
spermatozoon  nothing  definite  is  known.  It  is  possible  that  the 
protamine,  which  is  a  strongly  basic  substance  largely  composed  of 

1  Pfliigers  Arch .,  47,  1897. 

2  Biockem.  Zcitsclir .,  6,  1907. 
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the  diamino  acid  arginine  (in  contrast  to  the  typical  proteins  which 
on  hydrolysis  yield  monoamino  acid  substances),  as  well  as  of 
pyrimidine  and  other  purine  derivatives,  may  play  some  part  in 
bringing  about  the  chemical  processes  which  lead  to  growth  of 
tissue.1 

1  For  a  fuller  discusssion  of  the  subject,  see  Marshall’s  “Physiology  of 
Reproduction”  (Longmans,  Green  &  Co.).  Op.  cit. 


CHAPTER  III 


FERTILISATION,  OR  THE  PHYSIOLOGY 

OF  CONCEPTION 

“  The  origin  and  development  of  the  egg  cell  in  the  body  of  the  mother,  the 
transfer  to  it,  by  means  of  the  seed,  of  the  physical  and  mental  characteristics  of 
the  father,  affect  all  the  questions  which  the  human  mind  has  ever  raised  in  regard 
to  existence.”  Virchow. 

The  details  of  the  important  process  of  fertilisation,  i.e.,  the  union  of 
male  and  female  sexual  cells,  are  best  studied  in  the  transparent  ova 
of  echinoderms.  In  such  cases  it  is  easy  to  accomplish  artificial 
impregnation,  and  to  follow  the  formation  of  the  fertilised  ovum 
within  the  space  of  about  ten  minutes. 

If  to  the  ripe  ova  of  a  sea-urchin  or  star-fish,  placed  in  a  watch- 
glass  containing  some  sea  water,  there  be  added  a  drop  of  sperm  fluid, 
we  observe  the  following  phenomena  (Figs.  1 1  and  1  la):  (rz)Thousands 
of  spermatozoa  make  their  way  to  an  ovum,  but  only  one  succeeds  in 
entering  it,  viz.,  the  one  whose  head  touches  it  first,  (b)  At  the  spot 
where  the  point  of  the  head  comes  in  contact  with  the  surface  of  the 
egg,  the  cytoplasm  of  the  latter  is  raised  in  the  form  of  a  wart,  the 
“  entrance  disc  ” ;  the  spermatozoon  then  bores  its  way  into  this  with 
its  head,  the  tail  outside  wriggling  about  all  the  time.  Very  soon, 
however,  the  tail  also  disappears  within  the  ovum,  (c)  As  soon  as 
this  occurs,  a  tough  membrane  is  rapidly  formed  round  the  ovum, 
starting  from  the  point  of  impregnation,  thus  preventing  the  entrance 
of  any  more  spermatozoa.  Once  the  spermatozoon  is  inside  the 
ovum,  its  tail  becomes  absorbed,  but  its  head  (the  male  pronucleus) 
grows  larger  and  rounder,  and  an  attraction  is  established  between  it 
and  the  female  pronucleus,  resulting  in  their  movement  towards  each 
other  inside  the  cytoplasm,  with  increasing  speed,  the  male  going 
more  quickly  than  the  female  pronucleus.  At  last  the  two  pronuclei 
touch,  usually  in  the  centre  of  the  ovum,  and  coalesce  into  a  common 
mass,  the  first  segmentation  nucleus ,  wherein  is  restored  the  normal 
number  of  chromosomes  characteristic  of  the  species.  The  fertilised 
ovum  or  zygote  then  begins  to  divide,  giving  rise,  ultimately,  to  a  new 
individual. 

As  the  result  of  such  observations,  Hertwig,  Strasburger,  and 


32  PRINCIPLES  OF  CHILD  PHYSIOLOGY 


Van  Beneden  came  to  the  conclusion  that  fertilisation  consists 
essentially  in  the  union  of  the  male  and  female  pronuclei,  and  most 
biologists  accepted  this  conclusion.  Recent  researches  have  shown, 
however,  that  this  conclusion  is  not  strictly  true.  Boveri  and  others 
have  shown  that  non-nucleated  portions  of  unfertilised  echinoderm 


Fig.  11. — Fertilisation  in  Echinus  esculentus  (Gray’s  “Anatomy”). 
a,  Entrance  of  spermatozoon  ;  b,  commencing  rotation  of  head. 


Fig.  11a. — Fertilisation  of  Sea-  Fig.  1  lh. — Membrane  Formation. 

Urchin  Egg  (Loeb). 

eggs  may  develop  normally  after  the  addition  of  spermatozoa,  a 
phenomenon  known  as  merogony ,  while  Loeb,  in  a  series  of  brilliant 
experiments,  to  which  we  shall  soon  refer,  has  shown  that  larvae  can 
be  obtained  artificially  from  the  unfertilised  eggs  of  the  sea-urchin. 

The  occurrence  of  reproduction  in  unfertilised  ova  is  called 
Parthenogenesis .  Aristotle,  the  father  of  Natural  History,  knew  that 
the  embryos  of  bees  can  be  developed  from  the  egg,  even  when  it  has 


FERTILISATION 


33 


not  been  fertilised.  Natural  parthenogenesis  was  also  noted  in  plant 
lice  by  a  number  of  eighteenth-century  observers,  but  the  greatest 
sensation  was  aroused  by  the  observations  of  Dzierzon,  who  showed 
that  male  bees,  the  drones,  arise  from  unfertilised  eggs,  whilst 
workers  and  queens  develop  from  fertilised  eggs.  Dzierzon  discovered 
that  the  queen  copulates  only  once  in  her  life  during  the  so-called 
nuptial  flight.  After  pairing,  the  sperm  remains  inside  the  female 
receptaculum.  Now,  if  the  queen  has  been  prevented  from  taking 
the  nuptial  flight,  all  her  eggs  invariably  give  rise  to  drones ;  the 
same  is  the  case  in  old  queens,  which  continue  to  lay  eggs  when 
their  receptaculum  contains  no  more  sperm.  These  observations 
have  been  confirmed  by  the  investigations  of  Siebold,  Leuckart,  and 
Berlepsch. 

The  phenomenon  of  parthenogenesis  is  known  to  occur  also  in  a 
number  of  other  animals,  and  Janosik1  has  recorded  segmentation 
of  the  ovarian  ova  of  mammals,  although,  according  to  Marshall, 
it  is  doubtful  whether  such  cases  should  be  regarded  as  truly 
parthenogenetic  in  nature. 

Artificial  Parthenogenesis. 

Following  upon  such  observations  of  natural  parthenogenesis 
came  the  attempts  of  a  number  of  investigators  to  produce  artificial 
parthenogenesis.  The  first  claim  to  the  successful  production  of  this 
phenomenon,  in  the  case  of  the  female  silkworm  moth,  was  made 
in  1847  by  the  French  author,  Boursier.2  In  1886,  Tichomiroff,  by 
gently  rubbing  the  unfertilised  eggs  of  the  silkworm  moth  with  a 
brush,  produced  the  same  phenomenon.3 

Hertwig  4  in  1892  produced  artificial  parthenogenesis  in  various 
echinoderms,  but  to  J.  Loeb  belongs  the  credit  of  having  done  more 
than  any  other  investigator  to  throw  light  upon  the  physico-chemical 
aspects  of  the  phenomena  of  fertilisation.  By  altering  the  medium 
in  which  sea-urchin  and  other  eggs  are  contained,  this  observer  has 
succeeded  in  imitating  exactly  the  changes  which  normally  need  the 
entrance  of  a  spermatozoon  for  their  occurrence.  He  is  therefore  of 
opinion  that  the  action  of  the  spermatozoa  in  normal  fertilisation  is 
essentially  chemical  in  its  nature. 

In  the  next  few  pages  I  shall  attempt  to  summarise  his 
experiments,  and  the  conclusions  he  has  drawn  from  them.  It  is 
to  be  noted,  however,  that  various  experiments  on  parthenogenesis 

1  Arch,  f  Mikr.  Ana/.,  xlviii. ,  189(5. 

2  Quoted  by  Von  Siebold,  “  Wahre  Parthenogenesis,”  Leipzig,  1886,  p.  126. 

3  Arch.  f.  Anat.  mid  Physiol .,  Physiol.  Abt’n.,  1886. 

4  “  Verhandl.  der  Deutsche  Zool.  Gesellsch.,"  1892, 
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show  that  the  higher  the  organism  in  the  evolutionary  series,  the 
less  the  degree  to  which  the  development  proceeds  parthenogenically. 
Thus,  while  some  artificially  fertilised  sea-urchin  eggs  have  been 
carried  into  the  pluteus  stage,  the  chordate  ovum  (teleost, 
cyclostome,  etc.)  will  cleave  only  a  few  times.  This  shows  that  we 
must  not,  as  yet,  draw  too  close  an  analogy  between  natural  and 
artificial  fertilisation.  Loeb  has,  however,  recently  succeeded  in 
obtaining  a  completely  developed  parthenogenetic  frog1  (see  Fig.  12). 

Mechanism  of  Fertilisation. 

There  are  several  interesting  questions  connected  with  fertilisa¬ 


tion  which  require  to  be 

answered.  They  are  the  follow¬ 
ing  : — 

(1)  How  does  the  sperma¬ 

tozoon  meet  the  ovum  ? 

(2)  Why  does  only  one 

spermatozoon  enter  it  ? 

(3)  Is  it  necessary  for  the 


development  of  the 
ovum  that  fusion 
should  occur  between 
germ  cells  or  gametes 
belonging  to  the  same 
species,  or  can  the  sper¬ 
matozoa  of  one  species 
fertilise  the  ova  of 
another  ? 


Fig.  12. — -Parthenogenetic  Frog 
(Loeb,  “  Organism  as  a  Whole,” 
G.  P.  Putnam’s  Sons). 


(4)  What  are  the  physico-chemical  processes  set  up  during  ferti¬ 

lisation  which  initiate  the  series  of  changes  resulting  in 
the  development  of  the  ovum  ? 

(5)  In  which  part  of  the  genital  tract  does  fertilisation  occur? 

(6)  How  does  the  ovum  reach  the  tube  from  the  ovary  ? 

(1)  How  does  the  spermatozoon  meet  the  ovum  ? 

There  would  appear  to  be  two  chief  methods  by  which  the 
spermatozoa  are  brought  to  the  surface  of  the  ovum.  Pfeiffer 
showed  that  malic  acid  has  a  great  attractive  influence  upon  the 
spermatozoa  of  the  fern  ;  but  it  is  doubtful  if  in  animals  the  attraction 
is  also  chemiotactic.2’  In  some  animals,  e.g.,  fishes,  it  has  been 


1  SeeJ.  Loeb,  “Artificial  Parthenogenesis  and  Fertilisation,”  Chicago,  1913. 

2  See  Puller,  Quart.  / ourn .  Microsc.  Science ,  xlvi.,  1902. 
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shown  that  the  spermatozoa  swim  at  random,  unless  there  is  some 
solid  object  in  the  neighbourhood,  when  its  surface  is  sought  by  the 
sperm  cells.  This  phenomenon  has  been  called  Barotaxis  by 
Verworn,  and  it  is  believed  to  assist  the  spermatozoon  in  entering 
the  ovum.  It  is  probable,  however,  according  to  Buller,  that  neither 
chemiotaxis  nor  barotaxis  really  give  direction  towards  the  ovum, 
but  that  the  contact  between  the  male  and  female  sexual  cells  results 
chiefly  from  the  huge  number  of  spermatozoa  discharged  during 
each  emission,  their  active  swimming  movements,  as  well  as  from 
their  close  proximity  to  the  ovum. 

The  suction  action  of  the  uterus. 

Experimental  investigation  in  horses  has  shown  that  during  the 
emission  of  semen,  and  for  some  time  afterwards,  there  is  an  inter¬ 
mittent  contraction  and  relaxation  of  the  uterus  which  draws  the 
semen  in  by  suction.  A  similar  aspirating  action  is  obtained  by 
electrically  stimulating  the  sexual  organs  in  female  animals.  These 
experiments  on  animals  have  been  confirmed  by  observations  made 
upon  erotic  females  during  a  vaginal  examination.  That  semen  is 
sometimes  sucked  up  into  the  uterus  immediately  after  its  deposition 
in  the  vagina  is  proved  by  the  post-mortem  examination  of  two  women 
who  were  murdered  at  the  conclusion  of  intercourse,  and  in  whom 
Janke  1  found  the  uterine  cavity  to  be  full  of  seminal  fluid. 

(2)  Why  does  only  one  spermatozoon  enter  the  ovum  ? 

As  we  have  seen  in  the  study  of  the  process  of  fertilisation  in  an 
echinoderm  egg,  only  one  sperm  cell  succeeds  in  gaining  an  entrance 
into  the  egg.  This  law  of  monospermy  holds  good  in  very  nearly  all 
animals,  but  in  certain  insects,  reptiles  and  other  animals,  several 
spermatozoa  may  effect  an  entrance.  This  condition  is  called  Poly¬ 
spermy,  but  even  when  it  occurs  only  one  sperm  nucleus  actually  fuses 
with  the  ovum  nucleus.  The  others,  known  as  accessory  spermatozoa , 
generally  degenerate  either  immediately  or  after  a  brief  period  of 
activity.  As  to  what  it  is  that  prevents  polyspermy  in  most  animals’ 
egg  cells,  several  theories  are  held.  According  to  some  it  is  the 
formation  of  a  thick  membrane  round  the  egg  immediately  after  the 
entrance  of  the  first  sperm  cell.  This,  as  we  have  seen,  actually 
occurs  in  the  case  of  echinoderm  eggs.  Moreover,  the  brothers 
Hertwig  have  shown  that  in  case  of  eggs  the  vitality  of  which  has 
been  artificially  diminished  by  poisons,  e.g.,  chloroform,  the  membrane 
is  formed  so  slowly  that  polyspermy  actually  does  occur.  This, 
however,  cannot  be  the  only  cause,  since  we  know  that  monospermy 

1  “  Hervorbringung  der  Geschlechts,”  Berlin  and  Leipzig  1887. 
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is  the  rule  even  in  cases  of  animals  whose  eggs  either  do  not  develop 
such  a  membrane  after  the  entry  of  the  first  sperm  cell,  or  possess  a 
membrane  even  before  fertilisation.  According  to  Loeb1  poly¬ 
spermy  is  prevented  by  an  alteration  in  the  surface  tension  2 3  of  the  egg 
after  the  entrance  of  the  spermatozoon.  It  is  believed  that  the 
human  ovum  is  occasionally  fertilised  by  two  spermatozoa,  when  the 
egg  develops  into  identical  twins . 

(3)  Is  it  necessary  for  the  development  of  the  ovum  that  fusion  should 

occur  between  germ  cells  or  gametes  belonging  to  the  same 
species,  or  can  the  spermatozoa  of  one  species  fertilise  the  ova 
of  another  ? 

The  answer  seems  to  be  that  there  is  no  specific  adaptness  in  the 
behaviour  of  germ  cells,  for  hybrid  fertilisation  can  very  easily  be 
effected  in  many  cases.  When  eggs  are  placed  in  a  mixture  of  equal 
quantities  of  two  or  more  kinds  of  sperms  there  is,  under  suitable 
conditions,  no  appreciable  selective  fertilisation.  Many  investigators 
have  been  successful  in  getting  crosses  between  mammals  belonging 
to  different  species. 

(4)  What  are  the  physico-chemical  processes  set  up  during  fertilisation 

ivhich  initiate  the  series  of  changes  resulting  in  the  development 
of  the  ovum  ? 

We  have  seen  that  Hertwig’s  definition  of  fertilisation  as  “  the 
fusion  of  the  sperm  nucleus  with  the  egg  nucleus  ”  is  incorrect,  since 
Boveri  and  Delage  demonstrated  that  development  may  proceed  in  a 
^^-nucleated  portion  of  an  egg  when  acted  upon  by  a  spermatozoon. 
Also  the  phenomenon  of  natural  parthenogenesis  and  Loeb’s  experi¬ 
ments  in  artificial  parthenogenesis  prove  that  the  entrance  of  the 
pronucleus  is  not  essential  for  the  development  of  the  egg. 

Loeb  performed  an  interesting  series  of  ingenious  experiments  in 
order  to  solve  the  problem.  He  showed  that 

(a)  If  freshly  fertilised  eggs  of  sea-urchins  are  deprived  of  all 
oxygen,  no  nuclear  or  cell  division  is  possible,  and  as  the  entrance  of 
the  spermatozoon  causes  the  egg  to  divide,  he  therefore  came  to  the 
conclusion  that  one  essential  fact  of  the  entrance  of  the  spermatozoon 
into  the  sea-urchin  egg  is  the  acceleration  of processes  of  oxidation  within 
it.  Thus,  in  an  experiment  by  Loeb  and  Wasteneys,8  the  following 
results  were  found: — 

1  “The  Dynamics  of  Living  Matter,'  New  York,  1906. 

2  For  a  description  of  surface  tension,  see  p.  94. 

3  Biochem.  Zeitsch.,  xxxvi.,  1911,  351. 


FERTILISATION 


37 


Consumption  of  0.,  per  hour  before  fertilisation  —  0*24  mg. 
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The  value  for  the  first  hour  after  fertilisation  is  too  high,  due  to 
some  error  of  technique.  Repetition  of  the  experiment  showed  that 
the  rate  of  oxidation  gradually  increased  from  the  moment  of 
fertilisation  onwards.  The  amount  of  oxygen  used  up  was  deter¬ 
mined  by  estimating  the  amount  of  dissolved  oxygen  that  disappeared 
in  a  sample  of  the  sea  water  during  the  period  of  the  experiment. 
Warburg1  compared  the  rate  of  oxidation  in  the  eight-cell  stage  and 
the  thirty-two  cell  stage,  and  found  their  ratio  to  be  as  4‘2  to  6*8. 

As  the  mass  of  the  nucleus  increases  with  each  cell  division  (by 

100  per  cent,  according  to  Boveri  and  by  only  5*9  per  cent,  according 
to  Conklin),  it  is  possible  that  the  “  increase  in  the  rate  of  oxidation 
with  progressive  cell  division  is  due  to  the  increase  of  the  mass  of  the 
nuclei Pari  passu  with  the  increased  oxygen  consumption  there  is 
an  increased  C02  production,  as  has  been  shown  by  Buglia2  in  the 
case  of  the  mollusc  egg,  as  well  as  an  increased  production  of  heat, 
as  has  been  demonstrated  by  Meyerhof3  in  the  case  of  the  sea- 
urchin  egg,  who  found  that  the  amounts  of  heat  produced  during 
the  first  hour  after  fertilisation,  at  the  sixty-four  cell  stage,  when 

the  larva  begins  to  swim,  and  at  a  stage  four  hours  later,  were  in  the 

proportions  1  :  2  :  3  :  4.  All  these  facts  point  to  an  increase  of 
metabolism  set  up  by  fertilisation. 

(b)  Loeb  next  found  that  the  development  of  fertilised  sea-urchin 
eggs  depended  upon  the  reaction  of  the  solution,  and  that  a  faintly 
alkaline  solution  was  more  favourable  than  a  slightly  acid  one . 
This  he  attributed  to  an  influence  upon  oxidation  in  the  eggs. 
Loeb,  therefore,  tried  to  see  if  he  could  cause  ^fertilised  eggs  to 
develop  in  sea  water  whose  alkalinity  has  been  increased  by  the 
addition  of  some  sodium  hydrate.  He  found  that  the  experiment 
was  only  partly  successful.  The  eggs  divided  a  couple  of  times 
without  developing  into  larvae.  On  exposing  unfertilised  eggs  of 
sea-urchins  for  two  hours  to  hypertonic  sea  water,  however  (i.e., 
sea  water  whose  osmotic  pressure  has  been  raised  50-60  per  cent, 
above  normal  by  the  addition  of  NaCl  or  other  substances),  Loeb 

1  Zeitschr.  physiol.  Chem.,  Lvii. ,  1908,  i. 

2  Arch,  di fisiol. ,  v. ,  1908. 

3  Biochem.  Zeitschr . ,  xxxv. ,  1911. 
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succeeded  in  inducing  them  to  develop  into  larvae,  but  these  larvae 
were  unable  to  develop  to  the  pluteus  stage. 

(c)  Now,  in  the  study  of  the  process  of  fertilisation  in  the  eggs 
of  sea-urchins,  we  saw  that,  immediately  after  the  entrance  of  the 
first  spermatozoon,  a  membrane  called  the  fertilisation  membrane 
is  formed,  which  prevents  the  entry  of  any  other  spermatozoa.  In 
1905  Loeb  found  that  a  typical  fertilisation  membrane  can  be 
produced  in  ^fertilised  sea-urchin  eggs  by  a  short  exposure  to  a 
monobasic  fatty  acid,  such  as  butyric  acid,  and,  moreover,  that  such 
eggs  could  afterwards  be  made  to  develop  into  larvae  by  exposing 
them  to  hypertonic  sea  water  containing  oxygen,  not  for  two  hours 
as  in  the  case  of  eggs  not  previously  treated  with  butyric  acid,  but 
for  only  thirty  to  fifty  minutes,  and  then  returning  them  to  normal 
sea  water.  Hence  it  follows  that  artificial  membrane  formatio?i 
favours  development. 

(d)  It  was,  however,  found  that  if  after  such  membrane  formation 
the  eggs  were  not  exposed  to  hypertonic  sea  water,  they  only  begin 
to  segment,  but  soon  disintegrate  and  go  to  pieces.  It  therefore 
follows  that  not  only  does  artificial  membrane  formation  start  develop¬ 
ment ,  but  that  it  starts ,  at  the  same  time ,  a  tendency  to  disintegration , 
which  latter  can  be  counteracted  by  a  short  exposure  to  hypertonic  sea 
water. 

(e)  It  was  next  found  that  if  after  artificial  membrane  formation 
the  eggs  be  deprived  of  oxygen,  the  process  of  disintegration  can 
be  stopped.  From  this  it  follows  that  artificial  membrane  formation 
increases  the  rate  of  oxidation  in  the  egg.  This  surmise  was  verified 
by  experiment.  It  was  found  that  the  rate  of  oxidation  or  oxygen 
consumption  of  unfertilised  eggs  before  and  after  artificial  membrane 
formation  by  butyric  acid  were  in  the  ratio  of  about  1  :  L5.1  More¬ 
over,  Warburg  found  that  the  increase  in  the  rate  of  oxidation,  after 
artificial  membrane  formation  in  unfertilised  eggs,  was  quantitatively 
about  the  same  as  the  increase  occurring  after  fertilisation  by 
spermatozoa,  zY.,  four  to  five  times  the  usual  amount. 

(/)  The  next  question  is  :  How  does  the  butyric  acid  cause  the 
formation  of  the  fertilisation  membrane  l 

From  a  long  series  of  experiments,  Loeb  concluded  that  all 
agents  which  have  the  power  of  dissolving  the  egg  (i.e.,  cytolytic 
agents)  cause  membrane  formation  if  the  egg  is  exposed  to  them 
only  for  a  short  period.  The  lower  monobasic  acids,  such  as  butyric 
acid,  are  weak  cytolytic  agents,  and  therefore  dissolve  away  the 
fatty  constituents  (which  form  a  surface  impermeable  to  oxygen) 


1  Loeb  and  Wasteneys,  Journ.  Biol.  Chem.,  xiv. ,  1913,  469. 
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only  in  the  outer  layer  of  the  egg.  As  a  result  of  this,  certain 
osmotically  active  substances  which  were  in  combination  with  the 
fatty  substances  are  set  free,  and  form  the  permeable  fertilisation 
membrane,  which  allows  rapid  oxidation  to  take  place. 

The  effect  of  the  subsequent  immersion  in  hypertonic  sea  water  is  to 
cause  a  liquefaction  of  the  nuclear  membrane  of  the  ovum ,  in  virtue  of 
its  capacity  for  withdrawing  water,  and  this  liquefaction  of  the  nuclear 
membrane  sets  up  nuclear  division. 

Loeb  further  showed  in  the  following  elegant  manner  that  the 
liquefaction  was  only  the  indirect  result  of  chemical  processes  set 
up  in  the  egg  by  the  hypertonic  solution,  and  not  directly  due  to 
withdrawal  of  water  by  the  physical  process  of  osmosis.  He  ascer¬ 
tained  the  minimum  time  necessary  to  expose  the  eggs  to  hyper¬ 
tonic  solution  to  allow  them  to  develop  afterwards  when  replaced 
in  normal  sea  water  :  (a)  When  the  hypertonic  solution  was  at  a 
temperature  t°  C.  (b)  When  the  hypertonic  solution  was  at  a 
temperature  /+  10°  C. 

.  Velocity  of  development  at  /+10  .  „  , 

I  he  ratio  :  - 3  .  ■  - f - -  is  called  the 

Velocity  of  development  at  t 

temperature  coefficient  (Q10)  of  development. 

Now  it  has  been  shown  by  Van’t  Hoff  and  Arrhenius  that  the 
temperature  coefficient  for  chemical  reactions  is  always  higher 
than  2,  whilst  that  for  physical  processes  is  only  just  a  little  higher 
than  1.  Hence  the  determination  of  the  temperature  coefficient  of 
development  gives  a  criterion  whether  the  effect  of  the  hypertonic 
solution  upon  the  egg  depends  upon  the  influence  of  a  chemical 
reaction  or  on  a  physical  process.1  Loeb  found  the  following 
result : — - 

At  T°  5  C.,  the  minimum  exposure  necessary  was  210  mins. 

,,  15  C.,  ,,  ,,  ,,  40  ,, 


Therefore,  temperature  coefficient  = 


210 

40 


=  5. 


Hence  we  are  dealing  here  with  a  chemical  effect  of  the  hypertonic 
solution. 

From  all  these  experiments  the  conclusion  is  formed  that  the 
spermatozoon  brings  about  membrane  formation  by  means  of  a 
cytolytic  substance  (a  lysin),  and  at  the  same  time  it  carries  into  the 
egg  another  substance  besides  the  lysin  for  the  purpose  of  preventing- 
disintegration  following  the  membrane  formation. 

1  The  effect  of  temperature  in  the  velocity  of  development  was  studied  as  early 
as  1822  by  Gaspard  in  the  case  of  the  snail.  He  showed  that  at  20  the  develop¬ 
ment  lasted  twenty-one  days,  whilst  at  6°  it  lasted  forty-nine  days. 
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The  reason  why  the  temperature  coefficient  for  physical  processes  is  never 
much  higher  than  1,  whilst  that  for  chemical  reactions  is  always  higher  than 
that  of  a  physical  process,  is  appreciated  from  a  correct  understanding  of  the  reason 
why  the  rate  of  either  a  physical  or  a  chemical  process  rises  with  increase  of 
temperature.  Every  chemical  or  physical  process  takes  place  as  the  result  of 
molecular  movement,  with  this  difference,  that  while  in  a  physical  process  it  is  the 
^  molecular  movement  alone  that  determines  the  process,  in  the  case  of  a  chemical 
reaction  there  is  in  addition  an  intramolecular  rearrangement  resulting  in  the 
formation  of  new  kinds  of  molecules.  Now  consider  first  any  physical  process. 
We  know  that  the  kinetic  energy  of  any  system  is  equal  to  \  MV2  where  M  =  mass 
and  V  =  its  velocity.  The  average  kinetic  energy  of  all  molecules  at  any  tempera¬ 
ture  t  is,  as  is  well  known,  2  015  x  (/  +  273)  x  10-16  ergs.  Hence  ^  MV2  at,  say, 
temperature  2°  C.  =2*015  x  293  x  10~16  and  ^  MV2  at  temperature  30°  C.  = 
2-015  x  303  x  10-16, 

/.<?.,  the  velocity  of  the  molecules  at  30°  C. 

the  velocity  of  the  molecules  at  20°  C- 


-  Y 

-  Y 


2-015  x  303  x  10-1(J 
2-015  x  293  x  10-lfj 

1-017, 


i.e.,  the  temperature  coefficient  for  the  10°  interval  of  temperature  between  20°  C. 
and  30°  C.  is  1  -017.  If  we  take  any  other  10J  interval,  say,  between  10°  and  20°  C. ,  or 


between  30°  and  40°  C.,  the  temperature  coefficient  would  be 


in  the  one 


case  and 


in  the  other  case,  values  which  are  approximately  1  "017  in  each 


case.  In  the  case  of  a  chemical  reaction,  however,  the  velocity  of  the  reaction  is 
retarded  owing  to  the  fact  that  some  time  is  spent  after  the  reacting  molecules 
have  met  for  the  molecules  to  rearrange  themselves  in  order  to  produce  molecules  of 
the  new  type.  A  rise  in  temperature,  by  increasing. the  motion  of  the  atoms  in 
the  molecules,  decreases  their  stability  or  their  resistance,  and  hence  hastens  the 
reaction.  Therefore  the  temperature  coefficient  for  a  chemical  reaction  is  higher 
than  that  of  a  physical  process.  In  nearly  all  cases  of  chemical  reactions  this 
coefficient  is  greater  than  2. 


(g)  The  next  question  is  :  What  is  the  nature  of  the  actio?i  of  the 
spermatozoon  which  causes  the  egg  to  develop  ? 

Two  answers  offer  themselves,  viz.,  either  (a)  the  spermatozoon 
carries  a  ferment  or  a  catalyser  into  the  egg,  which  accelerates  the 
rate  of  chemical  reaction  in  the  egg;  or  (b)  it  removes  an  obstacle 
to  the  development.  Loeb  argues  as  follows  :  If  the  spermatozoon 
introduces  a  catalyser  or  ferment,  then  it  ought  to  behave  like  a 
catalyser,  in  that  the  velocity  of  chemical  reaction  should  vary  either 
with  the  concentration,  or  with  the  square  root  of  the  concentration 
(i e.g .,  Schiitz’s  law  in  the  case  of  pepsin  activity,  which  has  been 
explained  by  Arrhenius  on  mathematical  grounds1). 

In  other  words,  if  two  spermatozoa  are  introduced  into  an  egg, 
the  rate  of  segmentation  of  the  egg  should  be  either  twice  as  fast  or 
L4  times  as  fast  (/.<?.,  -J2)  as  if  only  one  spermatozoon  enters.  This 
was,  however,  not  found  to  be  the  case,  the  interval  between  the 

1  See  Hill’s  “Recent  Advances  in  Physiology,”  London,  1906,  pp.  88-91. 
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addition  of  sperm  and  first  segmentation  was  the  same,  whether  one 
or  two  spermatozoa  were  introduced.  Hence  the  spermatozoon  does 
not  introduce  a  catalyser.  This  view  is  confirmed  by  the  following 
experiments  : — 

(1)  If  eggs  are  fertilised  by  sperm,  and  then  treated  with  butyric 
acid  for  that  length  of  time  which  is  ordinarily  required  for  artificial 
membrane  formation,  no  acceleration  of  the  rate  of  cell  division  is 
observed. 

(2)  If  artificial  membrane  formation  is  produced  by  butyric  acid, 
and  the  egg  is  then  shaken  to  destroy  the  membrane,  it  is  possible  to 
effect  the  entrance  of  a  spermatozoon  which  the  membrane  would,  of 
course,  have  prevented  from  entering.  On  the  entrance  of  the  sperma¬ 
tozoon  another  membrane  is  formed.  In  such  cases,  the  rate  of  sub¬ 
sequent  segmentation  is  exactly  the  same  as  in  normally  fertilised  eggs. 

Hence  Loeh  co?icludes  that ,  during  the  period  of  fertilisation,  the 
spermatozoon  removes  from  the  egg  a  substance  or  condition  which 
inhibits  or  prevents  the  process  of  development. 

Various  experiments  have  been  tried  to  find  out  whether  ova  could 
be  fertilised  by  substance  artificially  extracted  from  spermatozoa. 
Gris  and  Pizon  performed  a  number  of  experiments  with  negative 
results,  but  T.  B.  Robertson1  has  succeeded  in  extracting  a  substance, 
“  oocytin,”  from  the  testicles  of  the  sea-urchin  which  produces 
membrane  formation  in  the  sea-urchin  eggs.  Lillie  isolated 
“  fertilisin  ”  from  the  egg  itself.  According  to  the  latter,  therefore, 
the  egg  is  self-fertilising,  the  spermatozoon  merely  furnishing  an 
activating  substance. 

1  have  discussed  Loeb’s  experiments  and  views  in  detail,  because 
of  their  ingenuity  and  interest.  It  is  to  be  mentioned,  however,  that 
a  number  of  other  workers  have  carried  out  important  work  in  this 
field  of  research.  Indeed,  the  French  biologist,  Delage,  has  produced 
artificial  parthenogenesis  by  methods  different  from  those  of  Loeb, 
viz.,  by  treating  the  eggs  with  solutions  of  tannin  and  ammonia,  and 
is  of  opinion  that  the  formation  of  a  fertilisation  membrane  is  due  to 
an  alteration  of  coagulation  (by  the  tannin)  and  liquefaction  (by  the 
ammonia).2  Loeb,  however,  has  shown  that,  although  the  methods 
of  Delage  are  successful  in  causing  parthenogenesis,  the  conclusion 
he  draws  from  his  observations  is  untenable.3  It  is  interesting  to 
mention  that  Loeb  and  Bancroft  produced  a  parthenogenetic  frog  in 
whose  sex  glands  they  found  eggs.4 

L  Arch.  f.  Entwickl.  mech. ,  xxxv.,  1912,  64. 

2  “  Les  vrais  facteurs  de  la  parthenogenese  experimental, ’’  Arch,  de  Zool.  exper. 
et  gin.,  4me  ser. ,  vii. ,  1908,  446. 

2  See  Loeb,  “  Artif.  Parthen.,”  p.  170. 

4  fourn.  Exp.  Zool.,  xiv. ,  275,  293. 
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Before  leaving  this  fascinating  subject,  I  shall  mention  one  other 
interesting  series  of  experiments  by  Loeb  and  VVasteneys,  which  show 
that,  although  one  effect  of  the  entrance  of  the  spermatozoon  into  the 
egg  of  the  sea-urchin  is  the  acceleration  of  the  processes  of  oxidation, 
yet  the  development  of  the  egg  is  not  directly  due  to  oxidation. 
The  development  of  the  egg  is  directly  dependent  on  hydrolytic 
processes,  and  the  oxidations  are  the  result  of  these  processes. 
This  they  showed  by  measuring  the  temperature  coefficient  (see  p.  39) 
for  the  velocity  of  segmentation  in  the  egg  of  arbacia ,  by  measuring 
the  time  which  elapses  from  the  moment  of  fertilisation  to  the 
moment  of  the  division  of  the  egg  into  two  cells,  for  various 
temperatures.  If  segmentation  is  dependent  on  oxidation,  then  one 
should  find  the  temperature  coefficient  for  the  velocity  of  segmenta¬ 
tion  to  be  the  same  as  the  temperature  coefficient  for  velocity  of 
oxidation  at  corresponding  intervals  of  temperature.  This  was, 
however,  not  found  to  be  the  case.1  Thus,  while  they  found  the 
temperature  coefficient  for  segmentation  to  vary  with  the  temperature, 
that  was  not  the  case  for  the  temperature  coefficient  for  oxidation, 
as  the  following  figures  show  : — 


Temperature 

in 

Centre. 

1 

Time  required  for 
First  Segmentation 
in  mins. 

Temperature  Coefficient 
for  Various  Intervals 
of  Temperature. 

i 

498 

8°  to  18°-410-6 

8 

410 

68 

9 

308 

10°  to  20°  -  212 -4 

10 

217 

50 

18 

68 

56 

20°  to  30°  =  =  1  -7 

20 

33 

30 

33 

Temperature  coefficient  for  10°  for  velocity  of  oxidation 

3°  to  13°  =  2T8  10°  to  20°  =  2T7 

5°  to  15°  =  2  16  20°  to  30°  =  1*96 

7°  to  17°  =  2-00 

This  is  a  practically  identical  temperature  coefficient  for  various 
intervals  of  temperature. 

1  Biochem.  Zeitschr.,  xxxvi.,  Kill,  345-o6. 
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Von  Hoft  has  shown  that  the  effect  of  rise  of  temperature  on  the  rate  of  action 
of  chemical  phenomena  follows  a  definite  exponential  law,  viz.,  that  for  an  interval 
of  n  degrees  the  velocity  V  varies  as  (X  being  the  temperature  coefficient  for 

Y  ( /  -f-  /z ) 

this  particular  reaction),  i.e.,  —  =  X;Z- 

Thus  in  the  case  of  the  tadpole,  O.  Hertwig  has  obtained  the  following 
figures  : — - 


To  Attain  Stage 

It  took  at  20° 

At  10° 

iii. 

2*0  days 

6*5  days 

iv. 

2*7  ,, 

8*1  „ 

V. 

3-0  „ 

10*7  „ 

vi. 

4-0  „ 

13*5  ,, 

vii. 

5*0  ,, 

16*8  ,, 

Total  - 

16*7  days 

55*6  days 

In  other  words,  the  time  taken  to  reach  the  last  stage  at  10°  was  3  33  times 
as  long  as  it  was  at  20°.  Using  Van’t  Hoff’s  formula  we  have  ^20  = 

16*7  /  &  V 


X10,  or  3  ’33  =  X 


to 


10 


. 10  log  X  =  log  3 -33  =  0 *052244 
log  X  =  0*052244 
X  =  1*128 


That  is  to  say  that,  between  the  intervals  of  10°  and  20°,  if  it  takes  M  days  at 
a  certain  given  temperature  for  a  certain  stage  of  development  to  be  attained,  it 

will  take  Mxl*28,z  days  when  the  temperature  is  n  degrees  less  for  the  same 
stage  to  be  arrived  at. 

Karl  Peter1  gives  the  temperature  coefficient  for  intervals  of  10°  (/.<?.,  Q10)  for 
various  echinoderm  eggs  and  tadpoles  as  follows  : — - 


Sphserechinus  -  -  -  -  -  2*15 

Echinus  -  -  -  -  -  -  2*13 

Ranz  ------  2*86 


which  are  of  the  same  degree  of  magnitude  as  Q10  in  ordinary  chemical  reactions. 


(5)  In  which  part  of  the  genital  tract  does  fertilisation  occur  l 
In  all  probability,  the  union  of  the  male  and  female  sexual  cells 
occurs  in  the  Fallopian  tube,  as  is  evidenced  by  the  frequent 
occurrence  of  tubal  pregnancies,  although  the  occasional  occurrence 
of  undoubted  ovarian  pregnancy  proves  that  the  union  may  take 
place  inside  the  ovary  itself.  That  the  union  may  take  place  inside 
the  uterus  itself  is,  of  course,  not  impossible.  In  lower  animals 
where  fertilisation  has  been  studied,  the  ovum  is  found  in  the  lateral 
portion  of  the  tube  surrounded  by  some  sixty  spermatozoa,  only  one 
of  which  fertilises  it. 


(6)  How  does  the  ovum  reach  the  tube  from  the  ovary  ? 
Experimental  evidence  seems  to  point  to  the  fact  that  the  ovum, 
as  it  escapes  from  the  ovary,  is  caught  by  the  fimbriated  end  of  the 

1  Arch.  Entw.  mech.,  xx.,  1905,  p.  130. 
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Fallopian  tube,  which  is  covered  with  ciliated  epithelium,  and  is 
driven  into  the  tube  by  the  waving  of  the  cilia.  Loeb  1  placed  tiny 
particles  near  the  tubes  in  a  rabbit,  and  saw  them  gradually  sucked 
into  the  fimbriated  end,  whence  they  were  driven  into  the  uterus, 
and  finally  into  the  vagina  (Fig.  13). 

The  ovum  is  driven  by  the  tube  into  the  uterus  by  the  peristaltic 
action  of  the  tube  aided  by  the  ciliary  wave. 

The  length  of  time  required  for  the  passage  of  the  ovum  to  the 
uterus  varies  in  different  animals.  In  the  mouse  it  is  four  to  five 
days ;  in  the  guinea-pig,  seven  days ;  in  the  dog,  eight  to  ten  days ; 


Fig.  13. — Showing  relation  of  Ovary  to  the  Fimbriated  end 

of  the  Fallopian  Tube. 


and  in  the  woman,  probably  four  to  eight  days.  Hyrtl 2  found  an 
unfertilised  ovum  in  the  interstitial  portion  of  the  Fallopian  tube  (/>., 
the  portion  of  the  tube  inside  the  muscular  wall  of  the  uterus)  in 
a  virgin  girl  who  died  four  days  after  the  beginning  of  a  menstrual 
period. 

We  have  already  seen  that  the  spermatozoa  come  up  to  meet 
the  ovum  against  the  ciliary  currents,  in  virtue  of  their  own 
movements. 

It  is  to  be  noted  that  the  act  of  copulation  is  not  absolutely  necessary  for 
conception,  since  numerous  cases  of  conception,  both  in  animals  as  well  as  in 
human  beings,  have  been  recorded,  as  the  result  of  the  injection  of  semen  into  the 
vagina. 

1  Arch,  f  Gyncik. ,  45,  p.  292. 

-  Zeitschr.  f  rat.  Med.,  N.F.,  iv.,  p.  15b. 
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Implantation  of  the  ovum . 

After  fertilisation  in  the  tube  segmentation  begins,  and  is  carried 
to  the  uterus  by  ciliary  action.  In  the  uterus  it  becomes  attached 
to  the  mucous  membrane  near  the  fundus.  The  mucous  membrane 
has  become  thickened,  and  is  now  called  the  Decidua.  The  portion 
to  which  the  ovum  becomes  attached  is  called  Decidua  basalis , 
and  develops  into  the  placenta.  Before  reaching  the  uterus,  how¬ 
ever,  the  egg  has  formed  the  Amnion  and  Chorion  with  chorionic 
villi.  The  further  development  of  the  ovum  is  fully  treated  in 
books  on  Embryology,  to  which  the  reader  is  referred. 

The  effect  of  the  ovaries  upon  implantation . 

If  soon  after  the  establishment  of  pregnancy  in  rabbits  both 
ovaries  are  removed, 
or  the  corpora  lutea 
(Fig.  14)  are  de¬ 
stroyed,  the  process 
is  brought  to  an  end. 

Such  operations  have, 
however,  no  effect 
upon  the  pregnancy 
in  later  foetal  life. 

Hence  it  is  concluded 
that  the  implantation 
of  the  ovum  and  the 
development  of  the 
placenta  depend  on 
the  ovaries.  It  is 
possible  that  the  cor¬ 
pus  luteum  gives  off  an  internal  secretion,  which  controls  the 
processes  connected  with  the  fixation  of  the  fertilised  ovum. 

That  the  corpus  luteum  is  physiologically  connected  with 
pregnancy  is  seen  from  the  following  experiments  : — 

(a)  Artificial  production  of  a  corpus  luteum  (by  mechanically 
rupturing  a  Graafian  follicle)  brings  about  mammary  development 
with  secretion  of  milk,  even  in  a  virgin  rabbit.  (Ancel  and  Bouin, 
Hammond  and  Marshall,  and  others.) 

(b)  Subcutaneous  injections  for  one  month  of  extract  of  corpus 
luteum  produces  similar  phenomena  in  a  virgin  rabbit.  (Ott  and 
Scott.1)  See  further,  Chap.  XXXIX. 

1  See  Schafer’s  “Endocrine  Organs.” 


Fig.  14. — A  section  of  the  Ovary  showing  Graafian 
Follicles  in  various  stages,  and  a  Corpus 
Luteum  (TO).  (Gray’s  “Anatomy.”) 


CHAPTER  IV 


THE  NATURE  OF  HEREDITARY  PROCESSES 

“  It  is  conceivable,  and,  indeed,  probable,  that  every  part  of  the  adult  contains 
molecules  derived  both  from  the  male  and  from  the  female  parent  ;  and  that 
regarded  as  a  mass  of  molecules  the  entire  organism  may  be  compared  to  a  web, 
of  which  the  warp  is  derived  from  the  female  and  the  woof  from  the  male.'’ 

Huxley. 

It  is  not  within  the  province  of  this  book  to  give  a  full  historical 
account  of  all  the  theories  that  have  from  time  to  time  been  pro¬ 
pounded  to  explain  the  cause  of  the  resemblances  between  parents 
and  offspring.  The  first  really  important  theory  of  heredity  was 
formulated  by  Darwin,  and  was  called  by  him  the  theory  of 
pangenesis A  According  to  this  theory,  the  cells  of  the  body  are 
supposed  to  give  off  minute  particles  or  gem  mules  (or  pangens) 
which  circulate  in  the  body,  and  finally  find  their  way  to  the  re¬ 
productive  elements.  The  germ  cells  thus  come  to  contain  repre¬ 
sentative  samples  of  the  various  components  of  the  body,  and  are, 
therefore,  able  to  develop  into  an  offspring  like  the  parent.  The 
serious  defect  of  this  theory  is  the  absence  of  any  evidence  of  the 
existence  of  gemmules. 

Galton’s  Experiment  to  Disprove  Pangenesis. 

Galton  transfused  the  blood  vessels  of  one  animal  with  the 
blood  of  another,  and  found,  contrary  to  what  one  might  expect 
from  the  gemmule  theory,  the  offspring  of  the  transfused  animal 
not  to  exhibit  any  of  the  characters  of  the  donor  animal. 

The  experiment,  however,  does  not  prove  or  disprove  anything, 
because  transfused  blood  soon  gets  destroyed  in  the  body,  to  be 
replaced  by  new  blood  formed  by  the  receiving  animal.  Hence, 
the  “  many  pretty  wishes  ”  to  which  such  an  experiment  would  give 
occasion,  such  “  as  the  blood  of  a  Quaker  to  be  let  into  an  Archbishop 
and  such  like,”  as  Mr  Pepys  expressed  himself  on  hearing  of  a 
successful  experiment  on  blood  transfusion,  must  remain  unsatisfied.2 

The  next  great  theory  was  elaborated  by  Weismann  in  1883,  and 

1  C.  Darwin,  “  The  Variation  of  Animals  and  Plants  under  Domestication.” 

“  See  Pepys’  “  Diary  ”  for  14th  November  1666. 
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may  be  termed  the  theory  of  germinal  continuity.  Boveri  has  shown 
that  in  the  development  of  Ascaris  megalocephala  the  round  worm 
found  in  the  intestines  of  horses,  the  zygote  (i.e.,  the  fertilised  ovum) 
in  its  first  cleavage  divides  into  two  cells,  one  the  propagative  part, 
which  is  the  ancestor  of  all  the  germ  cells,  and  the  other  the  somatic 
part,  which  gives  rise  to  the  body  or  soma  (soma,  in  Greek,  means 
body)  of  the  future  individual.  'The  propagative  part  from  which 
the  gametes  or  sexual  cells  ultimately  arise  develops  into  a  number 
of  primitive  germ  cells,  and  while  the  body  or  somatic  part  of  the  in¬ 
dividual  is  developing  these  travel  into  the  individual  to  form  with 
other  tissues  its  sexual  gland.  An  animal  may  thus  be  considered  as 
made  up  of  the  soma  or  the  body  proper  and  the  propagative  part,  which, 
though  inside  the  body ,  is  not  really  a  part  of  it  but  is  set  apart  for 
future  reproduction,  i.e.,  contains  the  gametes  (Fig.  15). 

Hence  each  individual  is  merely  the  trustee  of  its  propagative 
part,  and  Weismann  assumes  that  no  change  brought  about  in  the 


^  Line  of 
inheritance 

Fig.  15. — Showing  the  Somatic  and  Germinal  Portions  constituting 

an  individual. 

body  (by  environment,  etc.),  but  not  affecting  the  germ  cells,  can  be 
inherited  by  subsequent  generations.  The  germ  plasm  of  one 
generation  gives  origin  to  the  germ  plasm  of  the  next,  and  no  external 
conditions  acting  on  the  body  which  contains  and  nourishes  the 
germ  plasm  can  have  effects  which  are  transmitted  unless  the  germ 
plasm  itself  is  altered,  e.g.,  by  alcoholism  or  other  poisons  circulating  in 
the  blood  arid  reaching  the  germ  plasm.  According  to  this  theory, 
therefore,  it  is  impossible  that  acquired  characters  should  ever  be 
inherited.1 

Experimental  Evidence  in  favour  of  Weismann’s  Theory  that  Soma 
and  Germ  Plasm  are  Anatomically  and  Physiologically  Distinct. 

Castle  and  Phillips  performed  the  following  very  ingenious  experi¬ 
ment.  They  removed  the  ovaries  from  an  albino  guinea-pig  and 
transplanted  into  it  the  ovaries  taken  from  a  young  black  guinea-pig. 
On  mating  this  grafted  guinea-pig  with  a  male  albino  guinea-pig  three 

1  L.  Doncaster,  ‘‘Heredity  in  the  Light  of  Recent  Research.”  Cambridge, 
1912,  p.  140. 
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litters  of  young  were  produced  at  intervals  of  from  six  to  twelve 
months  after  the  operation,  consisting  of  six  individuals,  all  black. 
As  it  is  a  well-known  fact  that  when  normal  albinos  are  mated 
together  the  offspring  are  always  albino,  it  seems  obvious  that  it  is 
only  the  germinal  and  not  the  somatic  characters  which  are  trans¬ 
mitted  (Fig.  16). 

Weismann  supposes  that  the  germ  plasm  is  contained  in  the 
chromosomes,  and  consists  of  a  large  number  of  units  called  ids  which 
he  identifies  with  the  chromatin  granules.  When  the  chromosomes 
split,  each  unit  is  supposed  to  divide  into  similar  halves,  which  go  to 
the  two  daughter  nuclei.  Weismann  saw  that  unless  a  reduction 
of  chromosomes  would  take  place  in  the  formation  of  sex  cells,  the 
germ  plasm  must  in  a  few  generations  become  infinitely  complicated 
(see  Chap.  II.,  pp.  20  and  25).  He  therefore  predicted  that  reduction 
of  chromosomes  must  occur  in  the  sexual  cells  before  fusion.  His 
prediction  was  verified  by  Van  Beneden’s  discovery  in  1883,  that 
the  nuclei  of  the  germ  cells  contain  only  half  the  number  of 
chromosomes  possessed  by  somatic  cells.  Van  Beneden  found  this 
to  be  the  case  in  ascaris,  but  the  same  has  been  found  to  be  the  case 
in  all  animals  in  which  the  process  of  maturation  has  been  studied, 
and  may  now  be  regarded  as  a  general  law  of  development. 

The  Chromosomes  as  Bearers  of  Hereditary  Material. 

Weismann’s  theory  that  the  chromosomes  of  the  nucleus  contain 
the  material  basis  of  heredity,  has  recently  received  abundant  support 
in  its  favour.  The  nature  of  the  evidence  may  be  divided  into  two 
classes  :  (a)  embryological ;  (b)  experimental . 

(a)  Embryological. — (1)  The  fact  that  in  the  process  of  fertilisation 
it  is  the  head  of  the  spermatozoon  which  fuses  with  the  nucleus  of 
the  ovum  shows  that  hereditary  characters  are  determined  by  the 
nuclei  of  the  germ  cells.  It  is,  however,  to  be  noted  that  such 
proof  is  not  complete,  since  the  head  of  the  spermatozoon,  as  we 
have  seen,  is  surrounded  by  some  (though  a  very  minute  portion 
of)  cytoplasm,  and  hence  there  is  a  bare  possibility  that  the  hereditary 
characters  are  carried  by  the  cytoplasm  rather  than  the  nucleus. 
Moreover,  Jenkinson  has  shown  that  the  middle  piece  of  the  sperma¬ 
tozoon  (which  is  cytoplasmic)  is  also  concerned  in  fertilisation. 

(2)  The  behaviour  of  the  chromosomes  in  the  maturation  division 
of  the  germ  cells  is  exceedingly  strong  evidence  in  favour  of  this  theory. 
It  has  been  shown  by  Boveri 1  that  the  chromosomes  which  arise  at 
the  beginning  of  a  nuclear  division  are  identical  with  those  daughter 


1  “  Ergebnisse  iiber  die  Konstitution  der  chromatischen  Tanz  der  Xellekerns.” 
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Fig.  16. — To  illustrate  Castle  and  Phillips’  experiment  confirming  Weismann’s  theory. 
(From  “  Heredity  and  Eugenics,”  by  Castle,  Coulter,  and  others.) 
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chromosomes  which  originally  entered  into  the  nucleus  now  about  to 
divide.  His  conclusion  is  based  upon  the  following  observations  : — 
In  the  worm  ascaris  three  arrangements  of  the  four  chromosomes 
may  occur  in  the  dividing  nucleus  (Fig.  17).  Of  these  possible 
arrangements  the  one  shown  in  c  is  much  the  least  common.  Now, 
in  this  particular  arrangement  the  chromosomes  before  division  are 
found  with  their  extremities  situated  in  little  pockets  of  the  nuclear 
membrane,  so  that  their  exact  position  is  very  definitely  marked. 
Boveri  noticed  that  in  the  case  of  two  neighbouring  cells  which  had 
originated  by  the  division  of  the  same  mother  cells,  the  chromosomes 
made  their  appearance  in  both  cases  in  the  uncommon  position  of 
c,  showing  that  the  same  chromosomes  have  preserved  their 
individuality  right  through  the  resting  stage  of  the  nucleus,  to  appear 
in  the  same  position  at  the  outset  of  a  new  phase  of  division. 
Boveri ,  therefoi'e ,  believes  that  the  separate  chromosomes  are  to  be  looked 

upon  as  distinct  individuals 
I  4  %  /  which  preserve  their  indivi- 

W  /  y  duality  throughout  the  his¬ 
tory  of  the  cell. 

(b)  Experimental.  —  ( 1 ) 


-3V 


a 


Fig.  17. 

(Lock’s  “Variation,  Heredity,  and  Evolution 
John  Murray.) 


Boveri  further  showed  that 
different  chromosomes  play 
different  parts  in  the 
economy  of  the  organism. 

He  artificially  removed  dif¬ 
ferent  chromosomes  from  the  nucleus  of  an  embryonic  cell,  and  found 
that  the  embryo  which  arose  from  these  cells  developed  to  different 
extents  and  in  different  abnormal  ways.  This  shows  that  the 
chromosomes  are  intimately  concerned  with  hereditary  processes. 

(2)  Bierens  de  Hans,  Herbst,  and  Boveri  fertilised  the  giant 
eggs  of  sea-urchins  with  the  sperm  of  another  species ;  the  hybrid 
larvae  thus  produced  are  intermediate  in  character  between  the  two 
parental  types  of  larvae,  but  incline  more  to  the  maternal  side.  Now, 
the  nucleus  of  a  giant  egg  is  double  that  of  a  normal  egg  in  size, 
and  according  to  de  Hans  the  chromosomes  are  also  double  in 
number,  therefore  the  amount  of  maternal  chromatin  should  be 
double  that  introduced  by  the  sperm,  and  might  produce  a  corre¬ 
sponding  influence  on  the  hybrid  character. 

It  might,  however,  be  objected  to,  that  since  in  these  giant  eggs 
the  cytoplasm  is  also  doubled,  the  results  might  be  due  to  the 
cytoplasm  rather  than  the  chromosomes.  In  order  to  exclude  the 
possibility  of  the  cytoplasm  being  concerned  in  the  process,  Boveri 
made  the  following  ingenious  experiment.  He  broke  up  the  normal 
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eggs  of  sea-urchins  into  a  number  of  fragments,  and  fertilised  the 
nucleated  pieces  with  sperms  of  another  species.  Those  fragments, 
of  half  the  volume  of  the  normal  egg,  were  isolated.  Now,  it  had 
previously  been  shown  that  such  fragments  develop  into  whole 
larvae,  whose  nuclei  have  the  usual  chromatin  content,  but  whose 
cytoplasm  is  reduced  to  a  half.  Hence  if  the  cytoplasm  had  any¬ 
thing  to  do  with  the  transmission  of  character,  one  should  expect 
these  larvae  to  incline  to  the  paternal  side.  But  such  was  not  found 
to  be  the  case.  Boveri  further  fertilised  the  w^-nucleated  fragments 
of  one  species  of  sea-urchin  with  the  sperm  of  another,  when  the 
developed  hybrid  larvae  exhibited  only  paternal  characters,  showing 
that  the  cytoplasm  has  no  influence  on  the  character  of  these  larvae. 

(3)  The  same  observer  carried  out  another  ingenious  line  of 
research  which  proved  the  same  thing.  He  fertilised  the  egg  of  a 
sea-urchin  with  two  sperm  cells,  and  found  that  in  such  dispermic 
fertilisation  each  sperm  brings  in  a  centrosome,  so  that  a  tetra-  or 
tripolar  spindle  is  formed  in  the  first  division  of  the  fertilised  ovum. 
Instead  of  a  double  set  of  chromosomes,  as  in  normal  fertilisation, 
there  are  three  or  four  sets  which  are  drawn  upon  the  spindle  in 
abnormal  combinations,  so  that  when  such  an  ovum  divides  it 
separates  into  three  or  four  cells  containing  nuclei,  whose  composi¬ 
tion  is  therefore  abnormal,  some  cells  getting  one  of  each  kind  of 
chromosome,  whilst  others  get  less  than  a  full  complement. 
These  dispermic  eggs  almost  always  give  rise  to  embryos  which  may 
be  said  to  consist  of  three  or  four  regions,  each  of  which  possesses 
certain  distinctive  characteristics.  Boveri  also  separated  the  first 
cleavage  cells  of  these  dispermic  eggs,  and  followed  their  history. 
Some  of  them  gave  rise  to  perfect  dwarf  larvae  3  the  number  of  such 
normal  embryos  was  small,  but  that  was  expected  on  chance  distribution 
of  chromosomes,  for  we  should  expect  to  find  in  a  few  cases  an  isolated 
cell  that  contained  a  full  complement  of  chromosomes,  and  from 
such  a  cell  a  normal  embryo  would  be  formed.  Now,  it  has  been 
shown  by  Driesch  that  when  the  first  two  cleavage  cells  of  the 
normally  fertilised  sea-urchin  egg  are  separated,  each  forms  a  perfect 
embryo ;  but  such  cells,  although  they  contain  only  half  the 
cytoplasm,  contain  a  full  set  of  chromosomes.  The  difference,  there¬ 
fore,  between  the  isolated  cells  of  normally  fertilised  eggs  and  those 
of  dispermic  eggs  would  seem  to  be  due  to  their  different  chromosomal 
content.  Hence  the  conclusion  seems  to  be  forced  upon  one  that  it  is 
the  chromosomes ,  and  the  chromosomes  alone ,  which  are  the  bearers  of 
hereditary  material. 

The  validity  of  this  hypothesis  was  seriously  threatened  by  the 
hybridisation  experiments  of  Loeb,  Godlewski,  and  others,  who 
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showed  that  the  embryo  resulting  from  the  fertilisation  of  the  eggs  of 
one  species  of  sea-urchin  with  the  sperm  of  another,  possessed 
wholly  or  largely  the  maternal  characters,  proving  that  the  nuclear 
composition  is  of  no  great  importance  in  determining  the 
development  of  specific  traits.  But  the  work  of  later  observers 
(such  as  Herbst,  Kupelwieser,  and  Bataillon)  has  shown  that  in 
many  of  these  experiments  the  sperm  nucleus  did  not  actually  fuse 
with  the  egg  nucleus.  The  sperm  nucleus,  therefore,  merely 
provided  the  stimulus  for  the  development  of  the  egg,  but  itself 
took  no  part  in  the  formation  of  the  nuclear  structure  of  the  larva. 
Hence  those  hybridisation  experiments,  instead  of  nullifying  Boveri’s 
conclusions,  afford  very  strong  evidence  in  its  favour.  Godlewski  1 
carried  out  the  experiments  on  the  hybridisation  of  the  zze/z-nucleated 
egg  of  a  sea-urchin  with  the  sperm  of  a  crinoid,  and  obtained  larvae 
which  exhibited  purely  maternal  characters.  This  would  seem  to 
deal  a  severe  blow  to  Boveri’s  hypothesis,  but  Godlewski’s  results 
are  not  conclusive,  because  it  has  been  shown  by  Vernon2  and 
others  that  external  conditions,  such  as  temperature,  alkalinity,  etc., 
often  determine  whether  certain  characters  shall  be  paternal  or 
maternal  in  their  qualities. 

(4)  It  has  further  been  shown  by  cross  fertilising  two  organisms, 
in  which  the  chromosomes  are  easily  distinguishable  by  differences 
in  size  and  shape,  that  the  nucleus  of  each  daughter  cell  in  the 
blastula  stage,  or  even  in  the  fully  matured  organism,  contains 
chromosomes  which  have  been  derived  equally  from  the  two  parents 
(Moenkhaus,  Herbst,  and  Baltzer).  Thus  if  cross  fertilisation  be 
effected  between  fundulus ,  which  has  long  chromosomes,  and 
menidia ,  in  which  the  chromosomes  are  short,  the  nuclei  in  the  cells 
of  the  resulting  hybrid  organism  will  show  the  equal  distribution  of 
the  chromosomes  from  each  parent3  (Fig.  18).  Synapsis,  or  the 
fusion  of  the  pairs  of  chromosomes,  is  therefore  not  a  haphazard 
junction  of  chromosomes,  but  an  orderly  union  of  chromosomes  of 
paternal  and  maternal  origin. 

(5)  Heredity  and  sex. 

The  most  striking  evidence  in  support  of  the  theory  that  the 
chromosomes  are  the  bearers  of  hereditary  material  is  found  in 
the  recent  work  upon  the  association  of  sex  with  chromosome 
characters. 

In  the  nucleus  of  the  developing  cell  of  insects  it  is  found  that 

1  Arch.  Entw.  mech .,  xx. ,  1906. 

2  Phil.  Trans.,  186,  B.,  1895,  and  Arch.  Entw.  mech.,  9.  1900. 

3  W.  J.  Moenkhaus,  Amer.  Jouin.  Anat.,  3,  1904;  F,  Baltzer,  Arch.  Entw. 
mech .,  32,  1911. 
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the  chromosomes  have  an  even  number  in  the  female,  and  one  less 
in  the  male,  e.g.,  in  the  common  squash  bug  Anasa  tristis  there  are 
22  chromosomes  in  the  female  and  21  in  the  male.  In  the  female, 
two  of  these  differ  visibly  from  the  rest,  while  in  the  male  there  is  one 
odd  one,  the  remaining  20  being  like  the  corresponding  20  of  the 
female.  In  the  process  of  maturation  of  the  germ  cells  it  is  found 
that  when  the  chromosome  number  is  halved,  11  go  into  each  mature 
egg  in  the  female,  but  in  the  male  the  odd  chromosome,  or 
X-chromosome  or  idiochromosome ,  as  it  is  called,  goes  into  half  the 
spermatozoa,  leaving  the  other  half  without  it,  and  we  thus  find  that 
all  the  eggs  contain  10  +  1  chromosomes,  whilst  the  spermatozoa  are 
formed  in  equal  numbers  of  10  and  10  +  1  chromosomes  respectively. 
When  fertilisation  occurs,  the  following  results  may  take  place, 


F  undulus. 


viz.,  either  a  10  chromosome  spermatozoon  will  unite  with  the 
10  +  1  chromosome  egg,  giving  rise  to  a  zygote  containing  21 
chromosomes,  or  a  10  +  1  chromosome  spermatozoon  will  unite 
with  a  10  +  1  chromosome  egg,  giving  rise  to  a  22  chromosome 
zygote,  which  invariably  develops  into  a  female.  It  may  therefore 
be  said  that  the  presence  of  the  idiochromosome  is  in  some  way 
connected  with  the  determination  of  the  female,  or  the  lack  of  it  in 
the  male  sex.1  Many  observers,  such  as  M‘Clung,  Wilson,  Morgan, 
Boveri,  Edwards,  Stephens,  and  others,  have  shown  the  presence  of 
idiochromosomes  in  other  species,  and  more  recently  Guyer  has 
discovered  the  presence  of  idiochromosomes  in  the  fowl,  rat,  and 
man.  In  the  case  of  the  latter,  Guyer  has  found  2  idiochromosomes, 
half  the  spermatozoa  containing  12  and  the  other  half  containing 

1  See  papers  by  H.  Henking,  in  Zeitschr.  Wtss.  Zool. ,  51,  1891  :  Paulmier 
in  Journ.  Morph.,  15,  Suppl. ,  1899. 


54  PRINCIPLES  OF  CHILD  PHYSIOLOGY 


only  10  chromosomes.  The  number  of  chromosomes  in  human 
somatic  cells  is  therefore  22  in  the  male  and  24  in  the  female.1 

The  greater  chromatin  content  of  the  female  probably  gives  it  a 
greater  constructive  (or  anabolic)  activity,  causing  it  to  produce  ova 
or  gametes  stored  with  food. 

In  view  of  the  above  facts,  not  only  must  we  conclude  that  sex  is 
already  determined  in  the  zygote  and  can,  therefore,  not  be  in  any  way 
influenced  by  environment  such  as  nutrition  (Schenk’s  theory,  etc.), 
but  we  are  forced  to  the  conclusion  that  hereditary  characters  are  trans¬ 
mitted  by  the  chromosomes. 

Other  evidence  pointing  conclusively  to  the  belief  that  sex  is 
already  determined  in  the  fertilised  ovum  is  the  fact  that  identical 
twins,  /.<?.,  twins  resulting  from  the  development  of  the  same 
fertilised  egg,  are  always  of  the  same  sex  (Dareste,  1874,  Fisher,  1860, 
and  Galton,  1891),  whilst  ordinary  twins  coming  from  two  different 
ova  may  be  of  different  sexes.  Thorndike,  however,  disputes  this. 
He  finds  that  identical  twins  may  be  of  opposite  sexes.2  Further, 
there  is  the  familiar  example  of  the  bees,  where,  as  we  have  already 
seen,  the  unfertilised  eggs  develop  parthenogenetically  into  males 
(drones),  while  the  fertilised  ova  produce  females  (queens  and 
workers). 

Effect  of  environment  upon  sex  determination. 

Whilst,  as  we  have  seen,  sex  is  already  determined  in  the  zygote, 
it  is  yet  possible  that  environmental  conditions,  such  as  the  state  of 
nutrition  of  the  parents,  may  determine  the  relative  percentage 
number  of  male  or  female  producing  germ  cells  which  survive  in  the 
struggle  for  existence  that  often  goes  on  amongst  them.  Indeed, 
when  we  consider  the  relative  functions  of  the  male  and  female 
germ  cells,  we  would  a  priori  expect  this  to  be  the  case.  For  as  we 
have  seen  in  Chap.  II.  the  egg  is  in  all  animals  relatively  large, 
is  non-motile,  and  contains  a  large  amount  of  reserve  material  for 
the  maintenance  of  the  developing  organism.  The  spermatozoon, 
on  the  other  hand,  is  very  small,  active,  and  is  absolutely  devoid  of 
any  reserve  food  material.  It  is  therefore  natural  to  conclude  that 
if  the  developing  embryo  is  so  circumstanced  that  its  nourishment 
is  very  plentiful,  it  should  develop  into  an  organism  producing  ova 
(i.e.y  a  female),  while  the  reverse  condition  should  lead  to  the 
production  of  a  male. 

1  M.  F.  Guyer,  “Accessory  Chromosomes  in  Man,"  Biol.  Bulletin ,  19, 
1910. 

“Thorndike,  “Measurements  of  Twins,"  Arch,  of  Philos .,  Psychol .,  and 
Scientific  Methods ,  1905. 
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The  bearing  of  Physiological  Chemistry  on  the  Question  of  Trans¬ 
mission  of  Hereditary  Material  by  Chromosomes. 

Whilst  all  experimental  evidence  seems  to  point  to  the  one 
conclusion,  that  the  chromosomes  are  the  physical  basis  of  inheritance, 
physiological  chemistry  has  as  yet  no  evidence  to  offer  in  this 
direction.  Indeed,  the  fact  that  the  nucleic  acids  obtained  from 
such  widely  different  sources  as  the  sperm  of  the  herring  and  the 
thymus  of  the  calf  appear  to  be  identical  in  chemical  structure,  at  any 
rate  as  far  as  their  acid  constituents  is  concerned,  seems  to  be  evidence 
against  Weismann’s  theory  of  nuclear  determination.  Further,  if 
the  hypothesis  were  true  that  the  chromatin  of  the  sperm  heads 
are  the  bearers  of  hereditary  qualities,  and  consist  of  individual  units, 
each  of  which  represents  some  specific  adult  character,  we  should 
expect  to  find  the  sperm  chromatin  much  more  complex  than  the 
chromatin  in  any  other  cell  in  the  body.  But  the  very  reverse  is  the 
case ;  the  chromatin  found  in  the  fish  sperm  is  found  in  chemical 
analysis  to  be  the  simplest  found  anywhere.  It  contains  no  benzine 
ring  in  its  molecule,  as  is  evidenced  by  the  fact  that  it  gives  no 
xanthoproteic  reaction  (i.e.,  the  development  of  a  lemon-yellow 
colour  with  nitric  acid,  changing  to  orange  when  the  solution  is  made 
alkaline),  no  Millon’s  reaction  (/.<?.,  the  development  of  a  red  colour 
when  heated  with  Millon’s  reagent,  consisting  of  a  mixture  of 
mercuric  nitrate  and  nitrite),  and  no  tryptophane  reactions  (e.g.t 
Adamkiewicz  test,  etc.),  all  of  which  depend  upon  the  presence 
of  a  benzine  nucleus.  See  further,  “  Physiological  Chemistry,”  by 
Albert  M.  Mathews,  London,  1916,  pp.  157-178. 
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MENDEL’S  AND  GALTON’S  LAWS  OF 

HEREDITY 

“  To  the  question,  ‘  Who  can  bring  a  clean  thing  out  of  an  unclean  ?  ’  (Job  xiv. 
4),  we  are  beginning  to  find  an  answer  ;  nor  is  the  answer  the  same  as  that  once 
given  by  Job  [viz.,  ‘not  one’].”  R.  C.  Punnett. 

We  have,  so  far,  discussed  that  part  of  heredity  which  concerns  itself 
with  the  similarities  that  exist  between  parents  and  offspring.  We 
know,  however,  that  in  many  respects  children  exhibit  certain 
characters  which  are  not  present  in  either  parent,  but  may  have 
been  present  in  an  immediate  or  remote  ancestor  or  relative.  How 
does  such  a  “  skipping  ”  of  characters  or  traits  arise  ? 

The  solution  of  this  problem  is  due  to  the  genius  of  Johann 
Gregor  Mendel  (1822-84),  a  monk  in  the  monastery  of  Briinn,  in 
Bohemia. 

Mendel  carried  out  his  original  experiments  with  plants,  but  we 
shall  here  choose  an  example  from  the  animal  world. 

(1)  On  mating  a  black  guinea-pig  of  pure  race  (i.e.,  one  whose 
parents  and  grandparents  for  several  previous  generations  had  black 
fur)  with  a  white  (albino)  guinea-pig  (called  the  parent  animals  P), 
the  offspring  (called  the  first  filial  generation  F})  are  found  to  be 
all  black — none  being  albinos,  or  having  a  fur  consisting  of  a 
mixture  of  black  and  white.  Black  may  therefore  be  called  a 
dominant  character,  because  it  prevails  to  the  total  exclusion  of  the 
opposite  character,  white  or  albinism. 

(2)  If  now  two  of  the  coloured  individuals  produced  by  this 
cross  are  mated  with  each  other,  it  is  found  that  the  offspring 
(called  the  second  filial  generation  F2)  consist  of  both  black  and 
albino  animals  (again  none  with  a  mixture  of  black  and  white,  or 
of  a  blend  of  colours),  but  that  the  two  kinds  are ,  on  the  average ,  in 
the  definite  proportions  of  three  blacks  to  one  albino.  This  shows  that 
although  the  Fl  animals  were  all  black,  they  were  not  pure  blacks, 
but  that  the  character  of  albinism  was  latent  in  them.  The 
character  of  albinism  which  is  suppressed  or  recedes  from  view  in 
F1?  but  reappears  in  F.„  is  therefore  called  a  recessive ,  and  the  blacks 
of  Fj  are  called  impure  dominants  or  heterozygotes. 
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(3)  On  sorting  out  the  black  and  albino  animals  in  F.2,  and 
inbreeding  each  kind,  i.e.,  mating  the  albino  with  albino  and  black 
with  black,  it  is  found  that : — 

(a)  The  albinos  only  give  rise  to  albino  offspring  for  any 
indefinite  number  of  generations,  F3,  F},  F5,  .  .  .  Fw,  i.e.,  they  breed 
true,  but  that : — 

(b)  The  blacks  in  F2  consist  of  one  third  which  behave  exactly 
like  the  parent  black,  in  that  they  breed  true  for  any  number  of 
generations,  F3,  F4,  .  .  .  F„,  and  two-thirds  of  impure  blacks ,  which  like 
the  impure  blacks  of  ¥l  produce  in  the  next  generation  black  and 
albino  guinea-pigs  again  in  the  definite  proportion  of  three  to  one. 

Put  diagrammatically,  the  results  are  : — 

P  Black  x  Albino  P 

F, 


F0  3  blacks 

consisting  of 


1  pure  black  2  impure  blacks 

which  breeds  behaving  like  Fx 

true 

F3  Pure  black 
Fw  Pure  black 

The  disappearance  of  the  recessive  character  in  the  first  genera¬ 
tion,  and  its  reappearance  in  the  second  generation  in  the  particular 
proportion  of  one  recessive  to  three  dominants  (one  pure  and  two 
impure  dominants)  is  called  Mendel’s  Lazv. 

Explanation  of  the  Results. 

Mendel  explained  his  law  in  the  following  most  ingenious  yet 
simple  manner.  The  male  and  female  sexual  cells  (called  gametes) 
of  the  pure  dominant  individual  (in  this  case  black)  he  assumed  to 
contain  within  them  the  dominant  character  (i.e.,  the  character 
which  determines  the  presence  of  colour)  (D),  and  those  of  the 
recessive  individual  (in  this  case  albino)  the  recessive  character  (R) 
(i.e.,  the  character  which  determines  the  absence  of  colour).  Mendel 
further  assumed  that  although  each  of  the  impure  dominants  (in 
this  case  the  blacks)  in  FT  contains  both  the  recessive  and  dominant 


Albino  F3 

Albino  F;; 


1  albino  which  F2 

breeds  true 


Impure  blacks 
which  on  inbreeding  yield 
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characters,  yet  these  characters  segregate  into  separate  gametes,  so 
that  each  impure  dominant  contains  within  itself  an  equal  number 
of  D-bearing  and  R-bearing  gametes  respectively.  When,  therefore, 
one  impure  dominant  is  crossed  with  another  impure  dominant 
(i.e.,  Fj  x  Fj),  the  following  combinations  of  gametes  are  possible  : — 

(a)  A  “  D-bearing  ”  male  gamete  may  j 

fertilise  a  D-bearing  female  gamete,  f  =1  pure  dominant  (DD) 
giving  rise  to  a  pure  dominant. 

(b)  A  “  D-bearing  ”  male  gamete  may 
fertilise  an  R  -  bearing  female 
gamete,  giving  rise  to  an  impure 
dominant. 

(c)  An  “  R-bearing  ”  male  gamete 
may  fertilise  a  D-bearing  female 
gamete,  giving  rise  to  an  impure 
dominant. 

(d)  An  “  R-bearing  ”  male  gamete  \ 
may  fertilise  an  R-bearing  female  \  =  1  recessive  (RR) 
gamete,  giving  rise  to  a  recessive. 


=  2  impure  dominants  (DR) 


Hence  by  the  law  of  chance  the  members  of  F2  will  consist  of  pure 
dominants,  impure  dominants,  and  recessives  in  the  definite  pro¬ 
portions  of  1:2:1;  but  as  both  pure  and  impure  dominants  only 
show  the  dominant  characters,  therefore  in  the  example  we  have 
chosen  we  get  the  numbers  of  F2  consisting  of  three  blacks  to  one 
albino. 

Now,  if  Mendel’s  theory  of  segregation  of  gametes  be  correct,  we 
ought  to  get  the  following  corollaries  : — 

(a)  When  an  impure  dominant  is  crossed  with  a  pure  dominant 
the  resulting  offspring  should  all  be  dominant  pure  or  impure ),  because 
the  following  combinations  are  possible  :  Either  (i.)  the  D  gamete  of 
the  pure  dominant  might  fertilise  or  be  fertilised  by  a  D  gamete  of 
the  impure  dominant,  giving  rise  to  a  pure  dominant ;  or  (ii.)  the 
D  gamete  of  the  pure  dominant  might  fertilise  or  be  fertilised  by  an 
R  gamete  of  the  impure  dominant,  giving  rise  to  an  impure  dominant. 

(b)  The  crossing  of  an  impure  dominant  with  a  recessive  should , 
on  similar  consideration,  result  in  equal  nu?nbers  of  impure  dominant 
a?id  recessive  offspring. 

Both  corollaries  have  been  found  to  hold  good. 

General  method  of  calculating  Mendelian  Expectation  when  the 
parent  animals  differ  in  more  than  one  unit  character. — We  have 
seen  that  on  the  theory  of  segregation  of  gametes,  when  the  parents 
differ  only  in  one  character,  the  members  of  F0  will  consist  of 
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1DD  +  2DR  +  1RR,  i.e.,  the  different  types  in  F2  and  their  respective 
numbers  will  correspond  to  the  terms  and  their  respective  coefficients 
in  the  expression  (D  4-  R)'2.  Let  us  now  consider  the  case  in  which 
the  parent  animals  differ,  not  in  one  but  in  two  unit  characters,  say 
hair-colour  and  hair-length.  Let  us  take,  for  example,  the  case  of  a 
short-haired,  coloured  animal  mated  with  a  long-haired  albino.  The 
offspring  of  Fj  are  found  to  be  all  short-haired  and  coloured,  showing 
that  both  shortness  and  colour  of  the  hair  are  dominant  characters. 
Let  us  call  these  dominant  characters  (S)  and  (C)  respectively,  and 
the  corresponding  recessives  (i.e.,  length  of  hair  and  albinism)  (s)  and 
(c)  respectively.  By  the  theory  of  segregation  the  gametes  of  Ft 
should  in  this  case  consist  of  equal  numbers  of  four  kinds,  viz.  (SC), 
(Sc),  (sC),  and  (sc),  and  therefore  by  the  same  line  of  reasoning  as 
we  have  adopted  in  the  case  of  single  unit  characters,  the  different 
types  of  animals  in  F2,  and  their  respective  numbers,  should  corre¬ 
spond  to  the  terms  and  respective  coefficients  in  the  expression 
(SC  +  Sc  -f  sC  4-  sc)2 :  these  will  be  as  follows  — - 


1  SSCC  (pure,  short,  and 

coloured) 

2  SSCc  (pure,  short,  im¬ 

pure,  coloured) 

2  SsCC  (impure,  short, 
pure,  coloured) 

4  SsCc  (impure,  short, 
impure,  coloured) 

1  ssCC  (long, 
pure,  coloured) 

2  ssCc  (long,  im¬ 
pure,  coloured) 

1  SScc  (pure,  short, 

albino) 

2  Sscc  (impure, 
short,  albino) 

1  sscc  (long, 
albino) 

9  short,  coloured  + 

{i.e. ,  9  with  2  domi¬ 
nant  characters) 

3  long,  coloured  + 
(3  with  1  re¬ 
cessive  and  1 
dominant) 

3  short,  albino  + 
(3  with  1  domi¬ 
nant  and  1  re¬ 
cessive) 

1  long,  albino 
(1  with  2  re¬ 
cessive  char¬ 
acters) 

This  is  found  to  be  the  case. 

The  formula  can  be  written  in  short  as  9SC  +  3sC  +  3Sc  +  lsc 
(giving  the  number  and  respective  coefficients  of  the  apparent  types). 

Similarly,  when  the  parents  differ  in  three  unit  characters,  say 
A,  B,  C,  the  different  types  of  animals  in  F2  and  their  respective 
numbers  should  theoretically  correspond,  and  have  in  practice  been 
found  to  correspond,  to  the  terms  and  respective  coefficients  in  the 
expression :  (ABC  +  ABc  +  AbC  +  aBC  +  Abe  +  aBc  +  abC  +  abc)2,  i.e., 
in  short  (giving  the  numbers  and  respective  coefficients  of  apparent 
or  visible  types),  27  ABC  +  9 ABc  +  9AbC  -1-  9aBC  +  3Abc  +  3aBc  + 
3abC  +  labc. 

Similarly,  when  the  parents  differ  in  four  unit  characters,  A,  B,  C, 
and  D,  then  F2  will  correspond  to  the  terms  of  the  expression  (ABC 
+  AbCD  + ,  etc.)2. 
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Stated  in  general  terms  when  the  number  of  unit  character 
differences  between  the  parents  is  the  visible  different  classes  of 
offspring  will  be  2n,  the  total  different  sorts  of  zygotes  will  be 
3”,  and  the  smallest  number  of  individuals  which  may  be  expected 
to  contain  all  of  them  will  be  4". 


Difference 

between 

Parents. 

Visibly 

Different 

Classes. 

Really 

Different 

Classes. 

Minimum  Number 
of  Fo  Individuals. 

n 

1 

2 

2" 

2 

4 

3U 

3 

9 

4U' 

4 

16 

verified 

-  by 

3 

8 

27 

64 

Mendel 

4 

16 

81 

256  \ 

5 

32 

243 

1  024  1 

-calculated 

6 

64 

729 

4,096 

etc. 

etc. 

etc. 

etc.  J 

Calculation  of  the  number  of  offspring  to  be  expected  in  any  generation , 
F2,  P3)  E«  in  the  case  of  mo?io-hybrids. 

Mendel  gives  the  following  table,  which  gives  the  results  as 
calculated  theoretically,  and  as  verified  experimentally : — 


Generation. 

A. 

A  a. 

a. 

Ratios. 

1 

1 

2 

1 

1:2: 

1 

2 

6 

4 

6 

3:2: 

3 

3 

28 

8 

28 

7:2: 

7 

4 

120 

16 

120 

15:2: 

15 

5 

496 

•  32 

496 

31:2: 

31 

n 

1  2"  -  1  :  2  : 

2n  -  1 

In  the  tenth  generation,  for  instance,  2"-  1  =  1023.  Therefore, 
there  will  be  in  each  2,048  plants  (/.<?.,  1,023  x  2  +  2),  1,023  pure 
dominants,  1,023  recessives,  and  only  2  impure  dominants. 

Mendelian  Inheritance  in  Man. 

Although  it  is  highly  probable  and,  indeed,  practically  certain  that 
inheritance  in  man  is  governed  by  the  same  laws  as  in  other  animals 
and  plants,  yet  the  study  of  human  heredity  is  much  more  difficult,  and, 
therefore,  our  knowledge  correspondingly  less  accurate  than  in  the 
case  of  animals  and  plants.  This  is  so  for  the  following  reasons  : — 
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(1)  There  is  practically  no  single  human  being  that  is  of 

absolutely  “  pure  ”  racial  descent. 

(2)  Experiments  are  out  of  question,  and  the  best  we  can  do 

is  to  rely  upon  observation  and  statistics. 

(3)  Man  is  a  slow  breeding  animal,  and  it  is  therefore 

impossible  for  any  single  observer  to  study  the  trans¬ 
mission  of  any  particular  trait  or  character  for  more 
than  two  or  three,  or,  at  most,  four  generations. 

If  we  allow  three  generations  to  a  century,  we  see  that  there  have 
been  since  the  beginning  of  the  Christian  era  less  than  sixty  human 
generations,  whereas  Morgan  gets  almost  as  many  generations  of  the 
fruit-fly  Drosophila  within  two  years,  and  Jennings  gets  as  many 
generations  of  Paramcecium  within  two  months. 

(4)  The  number  of  offspring  in  human  families  are  too  few 

to  enable  one  to  catalogue  all  the  various  hereditary 
possibilities. 

Of  the  sixty  odd  human  traits  classified  by  Davenport  and 
Castle  as  Mendelian  characters,  about  fifty  are  pathological  or 
teratological.  This  disproportion  between  normal  and  abnormal 
Mendelian  characters  is  probably  due  to  the  fact  that  abnormal 
characters  such  as,  for  example,  brachydactyly  or  haemophilia,  being 
so  noticeable,  are  more  easily  followed  from  generation  to  generation 
than  is  the  case  with  normal  characters,  such  as  eye-colour. 

The  following  is  an  example  of  the  Mendelian  inheritance  of 
eye-colour  (P  standing  for  brown  and  p  for  blue) :  — 


! 

Theoretical. 

Actual  Results  Found  by 
Hurst  and  Others. 

Number  of 
Cases. 

Proportion. 

Case. 

One 

Other 

Offspring. 

Characteristics. 

Parent. 

Parent. 

Blue. 

Pig¬ 

mented. 

Blue. 

Pig¬ 

mented. 

1 

PP 

PP 

4PP 

All  with  brown  eyes 

Per 

Cent. 

Per 

Cent. 

2 

PP 

Pp 

2PP  +  2Pp 

>5  5  9 

0 

294 

0 

100 

3 

PP 

PP 

4Pp 

5  5  5  5 

0 

136 

0 

100 

4 

Pp 

Pp 

PP  +  2Pp  +  pp 

3  brown  ;  1  blue 

121 

248 

33 

67 

5 

Pp 

PP 

2PP  +  2pp 

1  „  1  „ 

654 

712 

48 

52 

6 

PP 

PP 

4pp 

All  wiih  blue  eyes 

229 

1 

99-5 

0*5 

PP  =  pure  brown  ;  pp  —  pure  blue  ;  Pp  =  impure  brown. 
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In  the  six  possible  combinations  the  table  shows  that  within 
limits  of  justifiable  error  in  the  collection  of  data,  the  actual  results 
agree  with  theoretical  expectation. 

Sex-Limited  Characters. 

We  have  so  far  discussed  characters  which  are  transmitted  in 
Mendelian  fashion  to  males  and  females  indiscriminately.  There 
are,  however,  certain  characters  which  are  transmitted  only  to  one 


Formal 

female 


&  cs> 

?  $ 


Colour -Hind 
male 


P 


Gametes  of  P 


(^rj)  <3* 


P, 


= Heterozygous 
daughters 
( 'Non- colour- blind ) 


=  Heterozygous  sous 
Ufon-  colour- Hind) 


l1  Gametes  of  F, 


Heterozygous  Normal  Normal 

don-colour-Jblind )  woman  man 

woman  ) 

Fig.  19. — Showing  inheritance  of  Colour-blindness. 


Cn)  hix 

Colour-Hind  ~ 
man 


particular  sex.  For  example,  colour-blindness,  haemophilia,  night- 
blindness,  and  several  other  pathological  conditions  in  man  are 
transmitted  only  in  one  particular  fashion  as  follows  :  the  children 
(male  or  female)  of  a  colour-blind  father  are  all  normal;  but  while 
the  sons  will  always  have  normal  children,  half  the  male  children  of 
the  daughters  will  be  colour-blind,  whilst  the  female  children  of  the 
daughters  will  all  be  normal.  Such  a  character  is  called  a  sex- 
lirnited  character,  because  the  distribution  of  such  characters  exactly 
parallels  the  distribution  of  the  paternal  and  maternal  sex  chromosomes, 
suggesting  (although  not  necessarily  proving)  that  the  differential 
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Gametes 


9  ^ 

Colour- 

Hind 

woman 


*<& 

Heterozygous  Colour- 

Qfon-coMr-Mnd)  blind 
woman  man 


Fig.  20. — Showing  how  Colour-blindness 
may  occur  in  a  woman. 


factors  for  these  characters  are  carried  in  these  chromosomes.  This 
will  be  clear  from  the  accompanying  diagram  (Fig.  19). 

Normality,  like  sex,  is  represented  by  a  factor  for  which  the  female 
is  homozygous  or  duplex  (NN),  and  the  male  heterozygous  or 
simplex  (Nn).  “  If  we  were  inclined  to  be  facetious,”  says  Castle, 

“  we  might  say  that  dupli¬ 
city  is  associated  with  V  (CH] 
femaleness,  simplicity  with 
maleness.”  If  in  the  male 
the  normality  factor  N  is 
replaced  by  the  factor  for 
colour-blindness  C,  it  will 
cause  in  him  the  appear¬ 
ance  of  the  disease,  be¬ 
cause  there  is  no  second 
N  to  counteract  C.  In 
the  female,  however,  such 
a  substitution  will  not 

cause  colour-blindness  on  account  of  the  dominating  nature  of  the 
other  N.  After  segregation  and  recombination,  the  members  of  F2  will 
therefore  consist  of  2CN  +  2Nn,  i.e.,  of  heterozygous  non-colour 
blind  daughters  and  normal  sons ;  but  in  F2  the  progeny  will  consist 
of  CN -f  NN  +  Nn  +  Cn,  i.e.,  one  heterozygous  non-colour  grand¬ 
daughter,  one  normal 
granddaughter,  one  nor¬ 
mal  grandson,  and  one 
colour-blind  grandson. 

That  this  is  the  cor¬ 
rect  explanation  seems 
probable  from  the  statis¬ 
tical  experimental  study 
by  Morgan  of  the  char¬ 
acter  “white-eye,”  which 
is  transmitted  in  an 
exactly  similar  sex- 
limited  manner  in  the  normally  red-eyed  fruit-fly,  Drosophila. 
Hence  this  type  of  inheritance  is  called  the  Drosophila  type. 

Is  it  possible  for  a  woman  to  be  colour-blind  l  The  answer  is 
“Yes,”  if  she  has  inherited  it  from  both  parents,  i.e.,  if  her  father 
was  colour-blind  Cn,  and  her  mother  was  a  heterozygote  Nc  (non- 
colour-blind).  (See  Fig.  20.) 

The  female  children  of  such  a  union  would  consist  of  equal 
numbers  of  colour-blind  and  heterozygous  daughters,  and  the 


Gametes 
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male  children  of  equal  numbers  of  normal  and  colour-blind 
sons. 

If  such  a  woman  marries  a  normal  man,  all  her  sons  will  be  colour¬ 
blind,  and  all  her  daughters  will  be  non-colour-blind  heterozygotes 
CN  (Fig.  21).  The  fate  of  the  grandchildren  will  depend  upon  the 
state  of  the  mates  whom  the  children  will  marry.  This  will  be  clear 
from  the  diagrams  (Figs.  19  and  20). 

The  following  is  a  tentative  classification  of  inherited  characters 
in  man  : — 


1.  MENDELIAN 


(a)  Normal  Characters 


Hair 


Skin 


Dominant . 

Dark  (due  to 
golden  brown 
pigment  that 
looks  black  in 
masses). 

Curly  (trans¬ 
verse  section, 
oval). 


Eye-Colour  - 


Countenance 


Temperament 
Intellectual 
Capacity 
and  Talent 


Dark. 

Normal  pigmen¬ 
tation. 

Front  of  iris  pig¬ 
mented  (eye, 
black,  brown, 
etc.). 

Gentile  type. 

Hapsburg  type 
(thick  lower  lip 
and  prominent 
chin). 


Nervous, 
j"  Average. 

\  Average. 


Recessive. 
Light  and  red. 


Straight  (transverse  section, 
circular). 


Light. 

Albinisim  or  blonde. 


Only  back  of  iris  pigmented 
(eye,  blue). 


Jewish  type.1 
Normal. 


Phlegmatic. 


Very  great^.^., mental  capacity, 
painting,  singing,  etc.). 

Very  small. 


1  See  W.  M.  Feldman,  “  The  Jewish  Child,’’  London,  1917,  Chap.  III. 
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(b)  Pathological  and  Teratological 


(a)  Transmitted  in  the  Ordinary  Mendelian  Fashion 


Dominant. 


Recessive. 


Hair 


j  Beaded  (diameter,  not  uni- 
i  form). 


Skin 


Eyes 


Keratosis  (thickening  of 
epidermis). 

Epidermolysis  (excessive 
•  formation  of  blisters). 

Hypotrichosis  (hairless¬ 
ness,  associated  with  lack 
of  teeth). 

r  Hereditary  cataract. 

|  Retinitis  pigmentosa. 

'  Glaucoma. 

Coloboma(opening  in  iris). 

Displaced  lens. 


Ears 


t 

y 

l 


Normal. 

Normal. 


Normal. 


Normal. 

Normal. 

Normal. 


Normal. 

Normal. 

Normal. 

Normal. 

Normal. 

Deaf  mutism. 

Otosclerosis  (thickened 
tympanum,  with  hard¬ 
ness  of  hearing). 


Achondroplasia 


/(Dwarfism,  with 

short 

stout  limbs, 

but 

5 

with  bodies 

and 

General  . 

heads  of  normal 

£ 

Size 

size). 

kJ 

H 

3/ 

Normal  size. 

w 

u 

an 

1 

Hands 

andFeet 


T  Brachydactyly. 
-  Syndactyly, 
f  Polydactyly. 


Long  (Exostoses. 

Bones  ^Fragilitas  ossium. 


( Diabetes  insipidus. 
-'Diabetes  mellitus. 

BOLIS  M  J 

( Normal. 


Normal. 

Normal. 


True  dwarfism  (with  all 
parts  of  the  body  re¬ 
duced  in  proportion). 

Normal. 

Normal. 

Normal. 

Normal. 

Normal. 

Normal. 

Normal. 

Alkaptonuria. 


5 
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/  Dominant . 

/  Normal. 


Normal. 

Normal. 


Nervous 

System 


/ 

\ 

Normal. 

Normal. 

Normal. 

Normal. 


Normal. 

Normal. 

Normal. 

Huntington’s  chorea. 
\Muscular  atrophy. 


Recessive. 

Epilepsy  (Davenport  and 
Weeks)  (after  eliminating 
syphilitic  and  other  cases). 

Feeble  -  mindedness  (God¬ 
dard). 

Insanity  (Rosanoff  and  Orr) 1 
(after  eliminating  environ¬ 
mental  causes,  such  as 
alcoholism,  syphilis, 
apoplexy,  cerebral  tumours, 
injury  to  brain,  etc.). 

Alcoholism. 

Hysteria. 

Multiple  sclerosis. 

Friedereich’s  disease  (degene¬ 
ration  of  the  spinal  cord). 

Meniere’s  disease. 

Chorea. 

Thomsen’s  disease. 

Normal. 

Normal. 


The  fact  that  both  high  mental  ability  and  feeble-mindedness 
are  inherited  in  the  same  way  as  recessives  reminds  one  of  Dryden’s 
saying  :  “  Great  wit  to  madness  sure  is  near  allied.”  Men  of  genius 
often  show  the  combination  of  ability  and  insanity.  “  May  it  not 
be,”  asks  Davenport,  “that  just  that  lack  of  control  that  permits 
‘flights  of  imagination’  is  related  to  the  flightiness  characteristic 
of  those  with  mental  weakness  or  defect  ?  ” 


Rosanoff  and  Orr  give  the  following  table  :  — 


- 

Parents. 

Mat- 

Children. 

ings. 

Neuropathic. 

Normal. 

Expected. 

Both  insane,  R  x  R 

17 

54 

10 

(only  two  of  whom 
have  as  yet  passed 
the  age  of  incidence) 

... 

Only  one  insane,  I)R  x  RR  - 

93 

190 

239 

1  :  1 

,,  DDxRR- 

14 

... 

45 

All  sane 

Both  normal,  DR  x  DR 

(52 

107 

215 

1  :  3 

,,  DDxDR 

1 

20 

77 

All  sane 
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It  seems  to  me  that  a  reasonable  way  of  looking  at  the  matter 
is  that  both  genius  and  insanity  are,  as  it  were,  allotropic  modifica¬ 
tions  of  the  same  Mendelian  character,  viz.,  “  lack  of  mental  control,” 
in  the  same  way  as  diamond  and  charcoal  are  allotropic  modifica¬ 
tions  of  the  same  chemical  element,  carbon.  The  factors  which 
determine  which  of  the  two  modifications  shall  appear  may  be 
certain  environmental  influences,  at  present  undiscovered — either 
pre-natal  or  post-natal. 


Normal 

Normal 

Normal 

Normal 

Normal 


(/3)  Sex-Limited  Characters 

-  Gower’s  pseudo-hypertrophic  mus¬ 

cular  atrophy  (Mott). 
Haemophilia. 

Hereditary  optic  atrophy  (Mott). 

-  Colour-blindness  (Horner). 

-  Night-blindness  (due  to  absence 

from  the  retina  of  certain  sense 
cells  which  are  adapted  to  re¬ 
spond  to  light  of  low  intensity). 


2.  PROBABLY  MENDELIAN 

Defective  hair  (including  baldness)  and  teeth ;  extra  teeth,  a 
double  set  of  permanent  teeth,  hair-lip,  cryptorchism  and  hypospadias  ; 
tendency  to  produce  twins ;  left-handedness,  musical  ability  (reces¬ 
sive — according  to  Hurst),  red  hair  (Hurst),  obesity,  weakness  of 
mucous  membrane,  liability  to  colds  of  all  sorts  (dominant). 


3.  BLENDING 

(i.e.j  in  which  the  offspring  in  F-,  are  intermediate  between  the 
parents,  and  this  intermediate  condition  persists  into  F.2,  etc.). 

Examples  are  :  stature,  weight,  shape  of  head  and  proportion  of 
its  parts.  With  regard,  therefore,  to  the  most  conspicuous  physical 
characters  of  human  beings,  inheritance  consists  of  a  blending  of 
character,  so  that  in  the  words  of  Matthew  Arnold — 

Born  into  life,  man  grows 
Forth  from  his  parents’  stem, 

And  blends  their  bloods,  as  those 
Of  theirs  are  blent  in  them. 

So  each  new  man  strikes  root  into  a  far  foretime. 

Incomplete  Dominance. 

In  a  considerable  number  of  cases  dominance  is  incomplete  or 
imperfect.  Thus  a  cross  of  red  and  white  cattle  produces  roan 
progeny  in  Fl5  but  the  latter  when  interbred  give  rise  to  reddy,  roans, 
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and  whites  in  F2  in  the  proportion  of  1  :  2  :  1,  showing  that  red  and 
white  are  homozygotes,  but  that  roans  are  heterozygotes,  in  which 
the  dominance  of  the  colour  over  the  other  is  imperfect.  Many 
other  such  examples  are  known,  but  the  classical  case  is  that  first 
described  by  Bateson  of  the  blue  Andalusian  fowl  which  he  showed 
to  be  a  hybrid  between  blacks  and  whites  in  which  neither  is 
completely  dominant. 

Delayed  Dominance. 

Sometimes  dominance  is  incomplete  in  early  stages  of  develop¬ 
ment,  but  becomes  complete  in  adult  stages.  Examples  of  such 
delayed  dominance  in  man  are  found  in  the  colour  of  the  hair 
and  eyes  of  children,  which  changes  into  complete  dominance  on 
the  children  reaching  adult  life. 

Dominance  not  a  Fundamental  Part  of  Mendelian  Inheritance. 

Even  when  the  characters  of  hybrids  are  intermediate  between 
those  of  their  parents,  if  the  parental  types  reappear  in  the  F9 
generation  in  the  proportion  of  1  :  2  :  1,  we  may  be  certain  that  we 
are  dealing  with  cases  of  Mendelian  inheritance,  because  dominance 
is  not  an  essential  principle  in  Mendelian  heredity. 

The  Fundamental  Principle  of  Mendelian  Inheritance  is  Segregation, 

so  that  in  the  case  of  single  unit  characters  the  parental  characters 
reappear  in  the  F2  generation  in  the  proportion  of  1:2:1. 

Can  either  Blending  or  Departure  from  the  3  :  1  Ratio  be  Explained 
on  the  Principle  of  Mendelian  Inheritance? 

The  answer  is  “Yes,”  if  we  assume  that  in  such  cases  there  are 
involved  in  the  production  of  a  single  character  two  or  more 
factors.  Thus  Nilson-Ehle  found  that  the  offspring  in  F2  of  a  cross 
between  white-glumed  and  a  certain  variety  of  black-glumed  oats 
consisted  of  blacks  and  whites  in  the  proportion  of  15  :  1,  which,  as 
we  have  seen  on  p.  59,  is  the  dihybrid  ratio,  instead  of  the  mono¬ 
hybrid  ratio  of  3  :  1. 

In  the  crosses  between  red-grained  and  white-grained  wheat,  he 
obtained  in  F2  the  trihybrid  ratio  of  63  :  1.  Nilson-Ehle,  therefore, 
concludes  that  in  such  cases  the  colour  is  determined,  not  by  one 
but  by  two  or  three  factors  respectively. 

Davenport  also  explained  the  blending  inheritance  of  skin  colour 
in  negro-white  crosses  on  the  principle  of  multiple  factors.  He 
has  shown  that  neither  white  nor  black  skins  are  either  perfectly 
white  or  perfectly  black,  but  are  mixtures  in  various  proportions  of 
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black,  yellow,  and  red.  The  exact  percentages  of  the  pigments  in 
each  particular  skin  can  be  determined  by  means  of  a  rotating 
colour  disc. 

Thus  a  white  person’s  skin  may  have  the  following  composition  : — 

Black  (b)  -  8  per  cent.  Red  (r)  -  -  50  per  cent. 

Yellow  (y)  -  -  9  ,,  White  (w)  -  -  33  ,, 

Whilst  the  composition  of  the  skin  of  a  very  black  negro  may  be  : — 

b  -  -  -  68  per  cent,  r  -  26  per  cent, 

y  -  -  -  2  „  w  -  -  -  7 

The  nine  children  of  two  mulattoes — the  father  having  13  per 
cent.  C  and  the  mother  95  per  cent.  C — ranged  from  46  per  cent, 
to  6  per  cent,  of  black,  the  latter  having  a  practically  white  skin. 
On  the  other  hand,  where  both  parents  have  about  the  same  degree 
of  pigmentation,  the  children  are  more  uniform  in  colour.  Thus 
seven  children  of  two  mulattoes — the  father  having  36  per  cent, 
and  the  mother  30  per  cent,  of  black — ranged  only  from  27  per 
cent,  to  39  per  cent,  of  black. 

Davenport  concludes  that  there  are  two  double  factors  for  black 
pigmentation  in  the  full-blooded  negro,  and  these  are  separately 
inheritable.  Hence  it  is  very  probable  that  this  classical  example 
of  “blending”  inheritance  is  really  a  Mendelian  inheritance  in 
which  two  or  more  factors  in  skin  colours  are  involved.  If  two 
factors  are  involved  the  offspring  in  F2  ought,  theoretically,  to  show 
only  one  white-skinned  individual  in  every  sixteen,  and  on  the 
supposition  that  the  number  of  factors  is  four  or  six  there  would  be 
only  one  white  individual  in  every  256  or  4,096  grandchildren 
respectively.  (See  Table  on  p.  60.) 

Production  of  New  Varieties  and  Perpetuation  of  a  Desirable  Trait. 

From  what  has  been  said  about  the  crossing  of  animals  which 
differ  in  two  or  more  independent  unit  characters,  it  will  be  clear 
that  the  operation  of  the  Mendelian  law  becomes  an  active  agency 
for  the  production  of  varieties  containing  new  combinations  of 
characters.  Furthermore,  it  is  possible  to  “fix”  such  new  types, 
/.<?.,  to  obtain  them  in  a  condition  which  will  breed  true  by  obtaining 
homozygous  individuals.  This  is  easy  enough  if  the  type  desired 
is  a  combination  of  recessive  characters  only.  But  when  the  variety 
that  it  is  desired  to  perpetuate  contains  also  dominant  characters, 
the  task  will  increase  in  difficulty  with  each  additional  dominant. 
The  surest  way  to  do  it  is  to  eliminate,  by  means  of  the  mating  test, 
all  individuals  which  are  not  homozygous.  The  breeding-pen,  to 
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use  Bateson’s  terminology,  is  to  the  biologist  what  the  test  tube 
is  to  the  chemist.  It  is  an  instrument  whereby  we  can  examine 
the  nature  of  organisms,  and  determine  empirically  their  genetic 
properties.  In  cases,  however,  where  the  desired  combination  con¬ 
tains  several  dominant  unit  characters,  such  a  method,  though  sure, 
is  exceedingly  slow,  and  in  practice  it  is  often  better  to  purify  the 
race  gradually  by  breeding  from  all  individuals  which  show  the 
desired  combination,  and  eliminating  from  their  offspring  such 
individuals  as  do  not  show  that  combination. 

Application  of  Mendel’s  Law  to  Eugenics. 

(1)  From  what  has  been  said  it  will  be  clear  that  if  there  is 
any  dominant  Mendelian  trait  in  a  family  which  it  is  undesirable 
to  reproduce,  then  it  is  imperative  for  an  affected  member  to  abstain 
from  having  children.  But  an  unaffected  member  of  the  same 
family  may  marry  another  unaffected  person,  whether  of  a  different 
or  of  the  same  family  (even  a  cousin),  with  impunity. 

In  the  case,  however,  of  those  traits  which  are  recessives,  the 
eugenical  rule  would  seem  to  be  this  : — 

(2)  Abnormals  may  marry  normals  without  trace  of  the  defect, 
and  if  their  normal  offspring  marry  with  strong  strains,  the  defect 
may  never  appear  again ;  but  consanguineous  marriages  in  such 
cases  (even  if  both  are  normal)  are  to  be  avoided.  Again,  in  the 
case  of  sex-limited  characters  (so-called  “  Knight’s  move  form  ”  of 
heredity),  the  clear  eugenical  rule  is  that  normal  males  may  marry 
with  impunity,  but  normal  females  of  the  strain  who  have  affected 
brothers  should  not  have  children.  To  return  to  Job’s  question 
that  we  have  taken  as  the  text  for  this  chapter,  “  Who  can  bring  a 
clean  thing  out  of  an  unclean  ?  ”  the  answer  is  :  “  the  eugenist.” 

Biometry. 

The  Mendelian  method  of  studying  heredity  consists,  as  we 
have  seen,  in  a  study  of  the  traits  of  the  individual  from  a  knowledge 
of  those  of  his  progeny.  But  for  the  reasons  enumerated  on  p.  61, 
this  method  is  not  so  widely  applicable  in  the  human  race  as  it  is  in 
animals  and  plants.  In  man,  therefore,  another  important  method 
has  been  utilised,  viz.,  a  method  which  investigates  the  character  of 
the  individual  by  studying  those  of  his  ancestors.  This  method, 
which  is  purely  mathematical  and  has  nothing  whatever  to  do  with 
experiment,  hardly  comes  within  the  scope  of  a  book  on  physiology, 
but  it  is  necessary  to  say  a  few  words  about  it  in  order  to  render  the 
chapter  complete. 
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In  1823  Quetelet,  a  Belgian  astronomer,  was  the  first  to  apply 
the  theory  of  probability  to  human  problems,  but  to  Francis  Galton 
belongs  the  honour  of  having  utilised  this  method  on  a  very  large 
scale.  Galton  found  that  the  curve  of  variability  and  that  of 
probability  (i.e.,  the  normal  or  frequency  curve)  are  identical,  a  fact 
which  enables  one  to  define  variability  in  exact  mathematical  terms. 
Galton  also  announced  the  law  of  filial  regression ,  which  is  to  the 
effect  that  children  tend  to  go  back  from  the  condition  of  their 
parents  towards  the  general  average  of  the  population,  so  that 
children  of  say  very  tall  or  of  very  short  parents  are  on  the  average 
neither  as  tall  nor  as  short  as  their  respective  parents  but  approxi¬ 
mate  more  to  the  average  height  of  the  race.  The  amount  of 
regression  is  a  measure  of  the  intensity  of  inheritance.  Suppose  the 
average  height  of  the  population  is  68  in.,  and  the  height  of  sons, 
whose  fathers  were  64  in.  tall,  was  65  in.,  the  regression  would  be 
slight  and  the  intensity  of  inheritance  high.  If,  however,  the  sons 
had  a  height  of  67  in.,  then  the  regression  would  be  high  and  the 
intensity  of  inheritance  low.  The  coefficient  of  correlation  for  height 
between  father  and  son  determines  the  ratio  between  the  deviation 
of  the  sons  and  that  of  the  fathers  from  the  mean  height  of  the 
population.  This  coefficient  is  0*5,  which  means  that  the  deviation 
of  the  height  of  the  sons  from  the  mean  height  of  the  population  is 
only  half  that  of  the  fathers  from  the  same  mean  height.  The  reason 
why  the  correlation  is  not  perfect  (i.e.  =  1)  is  because  the  children 
do  not  inherit  from  the  parents  alone,  but  also  from  their  grand¬ 
parents,  great-grandparents,  etc.,  which  if  taken  far  back  enough 
would  simply  be  indistinguishable  from  a  random  sample  of  the 
general  population.  This  led  Galton  to  announce  his  law  of 
ancestral  inheritance ,  which  is  as  follows  :  “  The  two  parents  con¬ 
tribute  between  them  on  the  average  J,  the  four  grandparents  J,  the 
eight  great-grandparents  J,  and  so  on,  so  that  the  sum  of  ancestral 
contributions  is  expressed  by  the  series  \  +  J  +  J  +  TV  + .  .  .  which 
being  equal  to  one,  accounts  for  the  whole  heritage.” 

These  two  laws  have  been  enormously  expanded,  mathematically, 
by  Karl  Pearson  and  his  pupils,  and  have  formed  the  basis  of  the 
science  biometry ,  or  the  measurement  of  the  phenomena  of  life. 

Differences  between  Mendelism  and  Biometry. 

(1)  Mendelism  observes  and  classifies  the  different  kinds  of 
variation ;  biometry  measures  its  frequency  and  extent. 

(2)  Mendelism  is  experimental,  and  can  only  deal  with  com¬ 
paratively  simple  problems.  Biometry  is  mathematical,  and  can 
attack  much  more  complex  problems. 
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(3)  Mendelism  requires  for  its  application  a  knowledge  both  of 
the  actual  characters  of  their  parents  and  of  their  germinal  constitu¬ 
tion,  and  enables  one  to  predict  in  any  particular  cross  the  average 
number  of  offspring  which  will  possess  certain  definite  inborn 
characters.  Biometry  pays  no  attention  to  the  physiology  or 
mechanism  of  heredity,  and  affords  no  information  about  the 
results  of  any  individual  mating.  It  concerns  itself  only  with  the 
determination  of  the  extent  to  which,  on  the  whole,  variations  are 
inherited  in  the  mass. 

Galton  believes  that  the  Greeks  would  have  personified  and 
deified  the  law  of  frequency  of  error  if  they  had  known  it. 

Pearl  goes  as  far  as  to  say  that  the  biometrical  method  is  of  even 
greater  significance  for  biology  than  is  the  mathematical  invention 
of  Fourier  for  physics;  and  Pearson  considers  it  as  important  for 
biology  as  the  law  of  gravitation  is  for  astronomy.  On  the  other 
hand,  as  Conklin  truly  says  :  “  The  principles  of  heredity  established 
by  Mendel  are  almost  as  important  for  biology  as  the  atomic  theory 
of  Dalton  is  for  chemistry.  By  means  of  these  principles,  particular 
dissociations  and  recombinations  of  characters  can  be  made  with 
almost  the  same  certainty  as  particular  dissociations  and  recombina¬ 
tions  of  atoms  can  be  made  in  chemical  reactions.  By  means  of 
these  principles  the  heredity  constitution  of  an  organism  can  be 
analysed,  and  the  real  resemblances  and  differences  of  various 
organisms  determined.  By  means  of  these  principles  the  once 
mysterious  and  apparently  capricious  phenomena  of  .  .  .  atavism 
and  reversion  find  a  satisfactory  explanation.” 

There  is  a  considerable  amount  of  controversy  raging  between 
the  followers  of  these  two  lines  of  investigation.  The  biometricians 
say  that  the  results  of  the  Mendelians  are  vitiated  by  their  bias  for 
a  particular  biological  theory,  and  the  more  fanatical  Mendelians 
reply  that  the  results  obtained  by  the  biometricians  are  not  only  free 
from  any  biological  theories,  but  are  equally  free  from  any  biological 
significance.  The  truth  is  that  neither  the  Mendelians’  method 
nor  that  of  the  biometrician  is  complete  in  itself ;  each  is  comple¬ 
mentary  to  the  other.  Gabon’s  laws  work  fairly  well  when  one  has 
to  deal  with  blending  characters,  but  fail  completely  when  the 
characters  under  consideration  are  alternative,  or  Mendelian,  in 
type,  because  in  the  case  of  the  latter  certain  ancestors  may  have 
no  share  whatever  in  the  production  of  the  character  in  the  offspring. 
Similarly,  Mendel’s  law  so  far  does  not  embrace  all  kinds  of  blending 
inheritance,  although  recent  research  goes  to  show  that  such  in¬ 
heritance  can  in  certain  cases  be  explained  on  the  principle  of 
Mendelian  segregation  (see  p.  68).  There  is,  however,  one  great 
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advantage  in  the  Mendelian  over  the  biometrical  method,  viz.,  that 
whilst  one  can  experiment  with  one’s  progeny,  one  cannot  easily  do 
so  with  one’s  ancestors.  To  quote  Conklin  again :  “  Before  the 
establishment  of  Mendel’s  principles,  heredity  was,  as  Balzac  said, 
‘A  maze  in  which  science  loses  itself.’  Much  still  remains  to  be 
discovered  about  inheritance,  but  the  principles  of  Mendel  have 
served  as  an  Ariadne  thread  to  guide  science  through  this  maze  of 
apparent  contradictions  and  exceptions  in  which  it  was  formerly  lost.” 
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“These  souls,  which  one  day  are  to  be  the  souls  of  men,  are  present  in  the 
seed,  like  those  of  other  species  ;  in  such  wise  that  they  existed  in  our  ancestors 
as  far  back  as  Adam,  or  from  the  beginning  of  the  world,  in  the  forms  of 
organised  bodies.”  Leibnitz. 

The  theory  which  prevailed  till  the  early  part  of  the  eighteenth 
century  regarding  the  causes  of  the  mysterious  processes  of  the 
development  of  a  complete  human  being  from  a  single  cell  was  the 
preformation  theory.  According  to  this  conception  the  germ  cell, 
either  the  ovum  or  the  spermatozoon,  contained  within  itself  a 
complete  though  miniature  organism  of  the  adult  form,  and  develop¬ 
ment  consisted  only  in  an  unfolding  of  the  various  parts  in  the  same 
way  as  a  bud  unfolds  when  it  develops  into  a  flower.  Malpighi 1 
went  as  far  as  to  assert  that  he  had  himself  actually  observed  the 
chick  in  the  unincubated  egg  and  De  Buffon 2  expresses  himself  even 
more  categorically  as  follows: — “J’ai  ouvert  une  grande  quantite 
d’oeufs  a  different  temps  avant  et  apres  l’incubation,  et  je  me  suis 
convaincu  par  mes  yeux  que  le  poulet  existe  en  entier  dans  le  milieu 
de  la  cicatricule  au  moment  qu’il  sorte  du  corps  de  la  poule.” 

Seneca  says,3  “  In  the  semen  is  comprised  the  entire  course  of 
the  future  man,  and  the  unborn  babe  has  written  within  it  the  law  of 
a  beard  and  a  hoary  head.  For  the  whole  body  and  the  load  of 
future  years  are  already  traced  in  delicate  and  obscure  outlines  in  its 
constitution.” 

It  is,  of  course,  obvious  that  the  belief  that  the  sexual  cells  of  an 
organism  contain  in  miniature  the  members  of  the  second  genera¬ 
tion,  necessarily  involves  the  further  supposition  that  these  latter 
must  contain  within  their  germ  cells  within  still  smaller  limits 
the  individuals  of  the  third  generation,  and  so  on  ad  infinitum. 
According  to  the  teaching  of  such  a  scatulation  (or packi?ig )  theory, 
there  were  stored  in  the  ovary  of  our  common  parent  Eve  all  future 

1  “  De  formatione  pulli  in  ovo,”  Memoir  presented  to  the  Royal  Society  of 
London  in  1673,  p.  4. 

13  Quoted  by  Jenkinson,  “  Experimental  Embryology,”  Oxford,  1909. 

"  “Nat.  Quaest.,”  lib.  ii i. ,  Cap.  29. 
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individuals  of  either  sex.  As  the  age  of  the  earth  was  at  that  time 
generally  believed  to  be  fixed  by  the  Bible  at  about  6,000  years,  the 
population  of  the  world  at  the  time  about  1,000  millions,  and  the 
average  age  of  a  human  being  believed  to  be  thirty  years,  Albrecht 
Haller,  professor  at  Gottingen,  who  is  often  called  the  father  of 
physiology,  calculated  the  number  of  human  beings  that  God  put 

away  in  Eve’s  ovary  on  the  sixth  day  of  creation 


ing  of  human 
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After  O.  Hertwig  and 
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as  200,000  millions,  (i.e.,  x  1,000  millions). 

When  Leeuwenhoek,  in  1690,  discovered  the 
male  spermatozoa  and  showed  the  part  it  played 
in  fertilisation,  the  theory  of  female  scatulation 
was  seriously  threatened  by  that  of  male  scatula¬ 
tion,  according  to  which  every  spermatozoon  was 
regarded  as  a  homunculus  or  a  tiny,  complete  man. 
Indeed  Hartsoeker,  in  1694,  actually  gave  a  draw¬ 
ing  of  a  human  sperm  cell  containing  a  minute 
organism  enclosed  in  a  thin  membrane  (Fig.  22). 
A  very  heated  controversy  thus  began  between  the 
two  rival  schools  of  physiologists,  the  ovulists  and 
the  animalculists  or  spermists.  According  to  the 
former  the  ovum  was  the  real  germ,  and  the  sper¬ 
matozoa  merely  stimulated  it  at  the  moment  of 
conception  to  begin  its  growth.  According  to  the 
animalculists,  however,  the  lively  movements  of  the 
spermatozoa  were  clear  evidence  that  it  was  they, 
and  they  alone,  that  were  the  true  germs.  Accord¬ 
ing  to  this  theory,  therefore,  in  the  quaint  com¬ 
ment  of  Erasmus  Darwin,  the  embryo  “must  possess 
a  greater  degree  of  minuteness  than  that  which 
ascribed  to  the  devils  who  tempted  Saint 


was 


Anthony,  of  whom  twenty  thousand  were  said  to 
have  been  able  to  dance  a  saraband  on  the  point  of 
a  needle  without  the  least  incommoding  each  other.” 

Such  was  the  state  of  embryological  knowledge  at  the  time  when, 
in  1759,  Caspar  Friedrich  Wolff,  the  son  of  a  Berlin  tailor,  presented 
his  doctorate  thesis  at  Halle,  entitled  Theoria  Generationis  (28th 
November  1759).  In  this  thesis  he  denied  the  theory  of  preformation, 
and  put  forth  on  a  scientific  basis  a  theory  hinted  at  by  Aristotle  and 
maintained  by  Harvey 1  of  true  formation  of  parts  anew  out  of  material 
not  possessing  at  all  the  characters  of  the  adult  organism.  This  is 


1  On  Generation,  Exercise  45.  “  The  Works  of  William  Harvey,”  Sydenham 

Society  Translation,  London,  1847,  pp.  335  et  seq. 
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called  the  theory  of  epigenesis.  Wolff’s  theory,  however,  owing  to 
the  opposition  of  such  eminent  men  as  Haller  and  the  distinguished 
philosopher  Leibnitz,  received  no  support. 

Haller  vigorously  contested  the  epigenesis  idea,  and  said  that 
eligion  was  menaced  by  such  an  heretical  theory.  “  It  is  not  sur¬ 
prising,”  says  Haeckel,  “  that  the  whole  of  the  physiologists  of  the 
second  half  of  the  eighteenth  century  submitted  to  the  ruling  of  this 
physiological  pontiff,  and  attacked  the  theory  of  epigenesis  as  a 
dangerous  innovation.” 

Wolff  did  not  live  to  see  his  theory  generally  accepted,  for  it  was 
not  till  1812,  when  Meckel  translated  into  German  Wolff's  work  on 
the  “  Formation  of  the  Alimentary  Canal  ”  (written  in  1768),  that  the 
biological  world  recognised  its  truth.  In  that  work  Wolff  showed 
that  the  alimentary  canal  of  the  embryonic  chick  differed  entirely 
from  that  of  the  fully  developed  adult  hen ;  for  whilst  in  the  latter 
the  alimentary  canal  is  a  long,  convoluted  tube  with  which  the  lungs, 
liver,  and  other  glands  are  connected,  that  in  the  embryonic  chick 
is  a  flat,  leaf-shaped  body  having  no  connection  with  the  other  organs. 

As  soon  as  the  translation  of  that  work  appeared,  many  biologists 
started  fresh  embryological  researches,  which  confirmed  Wolff’s  theory 
of  epigenesis. 

In  1816  Karl  Ernst  von  Baer  induced  a  wealthy  friend  of  his, 
Christian  Ponder,  to  come  to  Wiirtzburg  to  begin  an  independent 
inquiry  into  the  development  of  the  chick  during  the  hatching  of 
the  egg.  Ponder  defrayed  the  cost  of  an  incubator,  and  of  engraving 
the  observed  results  on  copper  plates,  and  in  1817  he  published  a 
dissertation,  in  which  he  confirmed  Wolff’s  theory  of  epigenesis, 
and  also  enunciated  the  theory  of  germinal  layers  according  to 
which  the  hen’s  egg  divides,  before  incubation  has  proceeded  twelve 
hours,  into  an  external  serous  layer  and  an  internal  mucous  layer, 
between  which  there  appears  later  a  third  vascular  layer. 

In  1828  von  Baer  published  the  first  part  of  his  ‘‘Animal 
Embryology :  Observations  and  Reflections,”  the  second  part  of 
which  appeared  in  1837.  In  this  monumental  work  von  Baer 
taught  that  the  earliest  rudimentary  organs  of  the  body  arise  by  the 
conversion  of  these  layers  into  tubes.  He  also  discovered  the 
human  ovum  in  1827,  and  was  the  first  to  discover  what  is  known 
as  the  segmentation  sphere  or  blastodermic  vesicle  in  vertebrates. 

The  theory  of  epigenesis,  needless  to  say,  is  with  some  modifica¬ 
tion  the  one  now  universally  accepted.  The  question,  however, 
which  confronts  us  next  is,  “  What  are  the  agencies  at  work  causing 
the  development  of  a  complete  and  complicated  human  being  out 
of  a  single  fertilised  ovum  ?  ” 
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The  Biogenetic  Law. 

After  a  most  extensive  study  of  embryonic  phenomena,  Haeckel 
drew  up  a  law  of  development  which  he  called  the  biogenetic  law. 
According  to  this,  man  in  common  with  other  animals,  in  the  course 
of  his  embryonic  development,  passes  through  in  rapid  succession 
a  series  of  forms  which  represent  the  evolutionary  history  of  the 
race.  In  other  words,  “  Ontogeny  (; i.e .,  the  origin  of  the  individual) 
is  a  recapitulation  of  Phytogeny  ”  (i.e.,  the  origin  of  the  species). 
Haeckel  went  farther  and  stated  that  phytogeny  is  the  mechanical 
cause  of  ofitogeny ,  that  is  to  say,  there  is  a  recapitulatory  constraint 
which  causes  an  organism  to  develop  along  a  certain  ancestral  course 
(compare  Driesch’s  “  Entelechy  ”).  This  law  has  been  described 
by  the  distinguished  German  zoologist  Saracen  as  “just  as  important 
for  the  zoologist  in  tracing  long,  extinct  processes  as  spectrum 
analysis  is  for  the  astronomer.”  It  has  also  been  utilised  by 
anatomists  to  predict  certain  facts  about  the  embryonic  state  of 
man  in  the  same  way  as  the  existence  of  the  planet  Neptune  was 
predicted  by  Adams  and  Leverier  from  the  disturbance  induced  in 
the  orbit  of  Uranus  sometime  before  it  was  identified  by  Galle  ;  or 
as  Mendelejef’s  “Periodic  Law”  has  been  utilised  to  predict  the 
existence  and  properties  of  chemical  elements  before  they  were 
actually  discovered. 

One  example  will  suffice.  Adult  man  possesses  no  more  than 
twelve  pairs  of  ribs.  From  certain  facts  in  comparative  anatomy, 
however,  it  was  predicted  that  the  human  embryo  would  be  found 
to  have  thirteen  or  fourteen  pairs  of  ribs;  this  prophecy  has  since 
been  verified.  As  Pen-Gaskell  Skillern,  jun.,  pithily  puts  it,  “The 
consummate  perfection  of  man  is  the  product  of  the  mill  of  ages, 
through  phylogenesis  and  ontogenesis.”  1 

It  must,  however,  be  pointed  out  that  later  embryological  research 
has  shown  that  this  law  is  not  strictly  true.  We  know,  for  instance, 
that  the  time  at  which  an  organ  appears  in  the  development  of  an 
individual  does  not  always  indicate  the  historical  or  phylogenetic  age 
of  that  structure.  Thus  the  heart  appears  in  the  embryo  before  the 
associated  main  vessels,  although  phylogenetically  it  is  merely  a 
secondary  differentiation  from  a  primary  ventral  blood  vessel. 

It  may,  however,  be  said  that  although  the  great  biogenetic  law 
is  not  strictly  correct  as  originally  enunciated,  there  is  certainly  a  very 
great  tendency  for  the  embryo  to  pass  through  “a  series  of  changes 
which  represent  the  permanent  forms  of  embryos  lower  down  in  the 
geological  scale.” 


1  “  Descriptive  Anatomy, ’’  Philadelphia,  1910. 
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The  idea  has  been  put  very  picturesquely  by  Drummond  in  the 
following  words  :  “  The  human  embryo,”  he  writes,1  “  is  a  subtle 
phantasmagoria,  a  living  theatre  in  which  a  weird  transformation  scene 
is  being  enacted,  and  in  which  countless  strange  and  uncouth 
characters  take  part.  As  the  embryo  unfolds,  one  by  one  these 
animal  actors  come  upon  the  stage,  file  past  in  phantom-like 
procession,  throw  off  their  drapery  and  dissolve  away  into  something 
else.  Yet,  as  they  vanish,  each  leaves  behind  a  vital  portion  of  itself. 
And  it  is  only  after  nearly  all  have  played  their  part  and  dedicated 
their  gift  that  a  human  form  mysteriously  compounded  of  all  that 
has  gone  before,  begins  to  be  discerned  in  their  midst.”  .  .  .  “  Every 
creature  that  lives  climbs  up  its  own  genealogical  tree.”  2 

1  “  Ascent  of  Man,”  1894,  p.  87. 

2  Ibid.,  p.  92. 
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THE  MECHANICS  OF  DEVELOPMENT 

“The  ultimate  aim  of  embryology  is  the  mathematical  derivation  of  the  adult 
from  the  distribution  of  growth  in  the  germ.” 

Wilhelm  His  (quoted  by  II.  Driesch1). 

Embryology  is  the  study  of  the  series  of  changes  that  take  place 
in  the  fertilised  ovum  during  the  course  of  its  transformation  from 
its  single  unicellular  state  to  the  complex  multicellular  organism. 
Till  recently  embryology  was  a  purely  descriptive  science,  concerning 
itself  entirely  with  the  observation  of  these  changes  from  the 
anatomical  or  morphological  standpoint.  Of  late  years,  however, 
thanks  to  the  pioneer  work  of  His,  Roux,  Mehnert,  Driesch,  and 
others,  an  attempt  has  been  made  to  introduce  mechanical  or 
physiological  conceptions  into  embryological  questions. 

These  workers  have  set  themselves  the  task  of  discovering  why 
the  ovum  develops  as  it  does,  or  what  are  the  factors  or  mechanisms 
which  make  the  ovum  pass  from  one  condition  to  another,  until  it 
finally  produces  a  completely  developed  organism.  “To  think,” 
said  His,2  “that  heredity  will  build  beings  without  mechanical 
means  is  a  piece  of  unscientific  mysticism.” 

In  this  book  we  shall  not  concern  ourselves  much  with  the 
descriptive  part  of  the  subject,  which  comes  within  the  domain  of 
the  anatomist,  and  is  very  fully  treated,  either  in  anatomical  text¬ 
books  or  in  special  books  devoted  to  the  subject.  What  interests 
us  here  is  the  physiological  aspect  of  embryology,  a  subject  which, 
owing  to  its  recent  creation,  has  as  yet  received  very  scanty,  if  any, 
recognition  in  books  on  physiology. 

Methods  of  Study. — Like  any  other  physiological  problems,  the 
method  that  is  applied  for  the  investigation  of  the  physico-chemical 
processes  which  lead  to  the  series  of  changes  constituting  develop¬ 
ment,  is  the  experimental  method.  By  artificially  modifying  or 
altogether  eliminating  one  condition  of  development  after  another, 
and  observing  its  effect  upon  the  organism,  we  can  discover  the  various 


1  “The  Science  and  Philosophy  of  the  Organism,”  London,  1908,  vol.  i.,  p.  56. 

2  Proc.  Roy.  Soc.  Edin. ,  xv.,  1888,  p.  294. 

82 


THE  MECHANICS  OF  DEVELOPMENT  83 


essential  factors  concerned  in  the  process,  as  well  as  determine  the 
manner  in  which  these  factors  operate. 

It  is,  however,  to  be  remarked  that  as  the  study  of  experimental 
embryology  is  as  yet  in  its  infancy,  the  results  so  far  obtained  are 
somewhat  scanty,  and  in  some  cases  rather  vague  and  uncertain. 
Moreover,  it  is  obvious  that  in  order  to  study  experimentally  the 
development  of  the  ovum,  we  must  select  one  which,  in  the  natural 
way,  goes  through  the  various  stages  of  its  development  outside 
the  body  of  its  mother.  Hence,  whatever  little  we  know  of  the 
developmental  mechanics  has  been  obtained  from  a  study  of  the 
development  of  the  eggs  of  the  non-mammalian  groups  of  animals. 

PROBLEMS  OF  DEVELOPMENTAL  MECHANICS 

The  problems  that  we  must  set  ourselves  to  solve  are  the 
following : — 

(1)  Is  there  such  a  thing  as  organisation  of  the  ovum  ?  that 

is  to  say,  are  there  particular  regions  either  in  the 
cytoplasm  or  in  the  nucleus,  or  in  both,  which 
correspond  with  or  lead  to  the  formation  of  particular 
tissues  or  structure  of  the  fully  developed  organism  ? 

(2)  Why  does  the  fertilised  ovum  begin  to  divide ,  and  what  are 

the  causes  which  make  it  divide  in  the  zvay  it  does  and 
cause  it  to  assume  a  definite  pattern  ? 

(3)  How  does  the  bias  tula  arise  ? 

(4)  What  are  the  factors  which  cause  invagination  of  a  certain 

portion  of  the  blastula  to  convert  it  into  a  gastrula? 

(5)  How  do  the  various  organs  arise  ? 

(6)  What  influence  have  environmental  conditions  on  the 

development  of  the  embryo  ? 

We  shall  endeavour  to  solve  each  of  the  above  problems,  as  far 
as  it  is  possible  to  do  so. 

1.  Organisation  of  the  Ovum. 

We  have  seen  in  Chap.  II.  that  living  protoplasm  consists  of  a 
ground  substance  or  matrix  in  which  are  suspended  many  particles 
and  granules  of  various  sizes,  shapes,  and  materials.  These  different 
kinds  of  substance  are  not  distributed  in  a  haphazard  way  through 
the  ovum,  but  are  localised  in  certain  regions. 

Is  it  possible  that  each  of  these  substances  has  a  specific  function  in 
development  and  leads  to  the  formation  of  a  certain  tissue  or  organ  ? 
In  other  words,  can  we  call  these  materials  organfomning  or  organ- 
genetic  substances  ? 
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For  the  solution  of  this  problem  the  following  series  of  investi¬ 
gations  have  been  attempted. 

J.  Hadzi 1  has  shown  the  eggs  of  Hydra  viridis  (the  common 
fresh-water  polyp) — which  under  ordinary  conditions  contain  grains 
of  chlorophyll,  that  afterwards  produce  the  green  colour  of  the 
hydra — may  be  obtained  free  from  chlorophyll  if  they  are  formed 
in  the  dark.  When  such  chlorophyll-free  ova  are  allozved  to  develop 
they  give  rise  to  colourless  hydras. 

Again,  Driesch  and  Morgan 2  have  studied  the  experimental 
development  of  ctenophores  (comb-bearer  organisms).  These  organ¬ 
isms,  which  are  shaped  like  elongated  grapes,  pass  their  lives 
swimming  in  the  sea,  moving  by  the  aid  of  eight  “ribs.”  In  the  egg 
of  the  ctenophore  Beroe  ovata  the  cytoplasm  is  divided  into  a  thin 
outer  exoplasm  and  a  thicker  inner  endoplasm.  The  nucleus  lies 
very  close  to  the  periphery  in  the  thin  outer  layer  of  the  cytoplasm, 
and  marks  the  side  on  which  the  first  furrow  is  formed  when  the 
egg  begins  to  divide.  The  pole  of  the  egg  against  which  the  nucleus 
rests  is  called  the  animal  pole ;  the  opposite  pole  is  called  the  vegetative 
pole.  In  the  first  stage  of  the  development  of  this  animal  the  egg 
divides  into  eight  cells  arranged  in  a  circle.  Driesch  and  Morgan 
have  shown  that  if  the  vegetative  part  is  cut  off  from  the  un¬ 
impregnated  egg  and  then  fertilised,  a  ctenophore  develops  with 
eight  ribs  like  a  normal  ctenophore.  If,  however,  the  egg  is  divided 
by  a  cut  running  parallel  or  slightly  obliquely  to  the  axis  passing 
through  the  animal  and  vegetative  poles,  a  correspondingly  smaller 
number  of  cells  and  “ribs  ”  is  formed.  Moreover,  if  one  of  the  cells 
in  the  eight-cell  stage  is  removed,  the  remaining  seven  will  give  rise 
to  a  seven-rib  creature ;  if  we  remove  two  a  creature  of  six  ribs  is 
produced,  and  so  on.  If  the  animal  part  of  the  egg  is  cut  off  and 
fertilised,  it  still  exhibits  complete  cleavage  into  eight  cells,  but  forms 
no  “ribs”  or  stomach. 

From  these  experiments  we  must  conclude  that : — 

(a)  The  organ-forming  substances  in  the  case  of  the  ctenophore 

are  confined  to  the  vegetative  pole. 

(b)  That  each  of  the  eight  cells  of  the  fertilised  and  completely 

segmented  vegetative  part  contains  the  material  necessary 
for  the  formation  of  a  particular  rib. 

The  study  of  the  development  of  mollusca  also  affords  very 
striking  illustrations  of  the  effects  of  the  removal  of  parts  of  the  egg. 

1  Arch.p.  Entw.  mech .,  xviii.,  1906,  453-488. 

2  Ibid.,  xi .,  1895,  ‘204. 
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E.  B.  Wilson  1  studied  the  behaviour  of  the  egg  of  Dentalium. 
This  egg  has  an  upper  dear  area  which  normally  forms  the  ectoderm , 
a  middle  pigmented  band  which  gives  rise  to  endoderm ,  and  a  lower 
or  ventral  clear  area  which,  during  cleavage,  forms  a  peculiar  “  yolk 
lobe.”  If  this  ventral  area  is  removed  the  formation  of  the  yolk 
lobe  is  suppressed  together  with  that  of  the  parts  dependent  on  it, 
viz.,  the  foot,  mantle,  shell  glands,  and  shell,  etc. 

Conklin 2  obtained  very  interesting  results  with  the  egg  of  the 
Ascidian  Cynthia.  By  injuring  one,  say  the  right,  of  the  blastomeres 
of  the  two-cell  stage,  the  remaining  one  developed  into  the  opposite 
half  (the  left)  of  an  embryo. 

By  destroying  the  two  posterior  cells  in  the  four-cell  stage,  the 
embryo  formed  never  possessed  a  tail,  or  any  muscle  cells,  but  did 
possess  chorda  cells  and  neural  plate  cells,  which  differentiated 
normally,  and  the  ectoderm  and  endoderm  were  also  typically 
developed.  Embryos  derived  from  the  two  posterior  cells  after 
destruction  of  the  two  anterior  cells  have  no  chorda,  nerve,  or 
sensory  cells,  or  gastral  endoderm,  but  consist  of  muscle  and  other 
parts  normally  found  in  the  corresponding  region  of  a  normal 
larva. 

It  is,  however,  to  be  noted  that  although  these  experiments  prove 
that  certain  regions  of  the  egg  are  concerned  with  the  formation  of 
certain  organs,  they  do  not  necessarily  prove  that  it  is  the  particular 
differentiated  substances  found  in  the  cytoplasm  of  those  regions 
that  are  the  organ-forming  substances.  It  may  quite  well  be  the  case 
that  it  is  the  ground  substance  of  the  protoplasm  which  is  the  really 
primary  and  fundamental  organisation  of  the  egg;  i.e.,  the  localisa¬ 
tion  of  the  germ  may  be  primarily  a  localisation  of  the  ground 
substance.  Indeed,  certain  experiments  by  Lillie  on  the  egg  of 
Chcetopterus ,  and  of  Morgan  and  Spooner  on  those  of  Arbacia ,  afford 
strong  evidence  in  favour  of  this  view.  Thus  the  egg  of  the  sea- 
urchin  Arbacia  contains  four  different  kinds  of  substance,  one  of 
which  is  characterised  by  the  presence  of  pigment  which  normally 
lies  at  the  lower  pole.  By  the  centrifuge,  the  various  granules  giving 
character  to  the  various  regions  can  be  thrown  into  abnormal 
positions  in  the  ovum.  When  this  is  done,  the  cleavage  and 
development  which  take  place  are  normal  with  respect  to  the  original 
polarity  of  the  ovum,  and  not  with  respect  to  the  new  polarity,  as 
indicated  by  the  altered  arrangement  of  the  so-called  formative 
substances. 

A  similar  instance  is  seen  in  the  case  of  the  lamellibranch 

1  Journ.  Exp.  Zool. ,  i.,  1904,  1-72  and  197-268. 

2  Arch.  f.  Entw.  meek.,  xxi.,  1906. 


86  PRINCIPLES  OF  CHILD  PHYSIOLOGY 


Cumingia ,  which  has  been  investigated  by  Morgan.1  The  protoplasm 
of  the  egg  of  this  substance  contains,  in  addition  to  clear  protoplasm^ 
three  kinds  of  formed  substance,  viz.,  yolk,  pigment,  and  oil.  When 
these  substances  are  thrown  by  the  centrifuge  into  abnormal  positions 
of  the  ovum,  development  proceeds  normally  with  reference  to  the 
original  polarity.  Similar  experiments  carried  out  with  sea-urchin 
eggs  do  not  give  similar  results.  Driesch  2  has  shown  that  a  single 
sea-urchin  daughter  cell  of  the  two-cell  stage  or  four-cell  stage,  or 
even  of  the  eight  or  sixteen  cell  stage,  when  separated  by  violent 
shaking  gives  rise  to  a  perfect  animal ;  containing,  however,  J,  |, 
or  yg  of  the  normal  number  of  cells,  but  of  the  same  size  as 
those  of  a  normal  larva.  In  these  eggs,  therefore,  the  various 
daughter  cells  contain  the  material  necessary  for  the  formation  of 
the  whole  body. 

The  eggs  of  starfish,  Amphioxus ,  and  of  several  other  animal 
types,  also  behave  in  the  same  way,  so  that  four,  eight,  or  even  sixteen 
complete  animals  may  be  derived  from  one  egg.  In  such  cases  each 
cleavage  cell  is  said  to  be  totipotent.  The  idea  of  “germinal 
localisation,”  or  “germinal  organ-forming  regions,”  or  “germinal 
mosaic  ”  is  associated  primarily  with  the  names  of  His,  Lankester, 
Roux,  and  Whitman.  The  cytoplasm  is  conceived  as  a  mosaic  work 
of  definite  physiological  units  which  give  rise  to  particular  structures 
or  organs  in  the  mature  organism.  This  hypothesis,  as  will  be  seen, 
is  a  refined  modification  of  the  old  preformation  theory,  and  rests 
upon  the  idea  that  certain  regions  of  the  egg  cytoplasm  are  in  direct 
genetic  relation  with  corresponding  regions  developing  later  by  a 
process  of  epigenesis,  or  true  development. 

In  other  words,  “  these  germinal  structures  have  specific  reference , 
but  not  resemblance ,  to  the  parts  of  the  mature  organism.” 3 

Axis  of  Symmetry  of  Ovum. 

We  have  seen  that  an  egg  has  an  animal  and  vegetal  poles. 
The  animal  pole  is  that  towards  which  the  nucleus  is  eccentrically 
situated.  It  is  generally  more  protoplasmic,  and  contains  the 
centrosome  between  it  and  the  nucleus.  The  axis  of  the  egg  is 
the  imaginary  line  passing  through  the  centrosome  and  nucleus. 
Such  a  line  generally  divides  the  egg  into  two  symmetrical  halves, 
not  only  with  respect  to  the  geometrical  shape  of  the  egg,  but  also 
with  respect  to  the  distribution  of  the  formative  substances  within  it. 

The  question  ?iaturally  arises :  Does  the  axis  of  symmetry  of  the 

1  fount.  Exp.  Zool. ,  ix. ,  1910. 

2  Arch.  f.  Entw.  mech .,  xix.,  1905. 

:i  Ivellicott,  op.  cit.,  p.  264. 
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egg  coincide  with  the  subsequent  axis  of  the  fully  developed  animal  ?  Or 
put  differently,  is  the  right  half  of  the  body  of  the  animal  developed 
from  the  right  half  of  the  egg,  and  the  left  half  of  the  animal  from 
the  left  half  of  the  egg  ?  Roux  found  that  the  first  furrow  always 
coincided  with  the  median  longitudinal  plane  of  the  embryo.1  Roux, 
by  means  of  a  hot  needle,  further  succeeded  in  partially  destroying 
one  of  the  first  two  blastomeres  or  cleavage  cells  of  the  fertilised 
segmenting  ovum  of  the  frog.  He  found  that  the  uninjured  blasto- 
mere  continued  to  segment,  and  passed  through  the  ordinary  stages, 
first  into  half  a  morula  ( hemimorula ),  then  into  a  hemiblastula  and 
a  hemigastrula  until  it  gave  rise  to  a  hemiembryo,  right  or  left 
half  of  an  embryo,  according  as  the  developing  blastomere  was 
the  right  or  the  left.  He  further  found  that  by  operating  in  the 
four-cell  stage,  he  could  produce  embryos  which  consisted  only  of 
the  interior  half,  anterior  hemiembryos ,  or  embryos  deficient  in 
one  quarter  of  the  body — quarter  defects — according  as  he  destroyed 
both  or  only  one  of  the  posterior  cells  or  blastomeres.  From  this 
he  concluded  that  in  the  case  of  the  frog  the  first  furrow  normally 
corresponds  to  the  median  plane  of  the  body,  and  the  second 
furrow  represents  the  transverse  plane. 

These  experiments  have,  however,  been  represented  by  O. 
Hertwig  with  results  which  seem  to  contradict  Roux’s  conclusion. 
Hertwig  obtained  half-sized  perfect  embryos  from  one  blastomere, 
but  Roux  explained  the  discordance  of  these  results  by  regarding 
Hertwig’s  perfect  embryos  as  the  result  of  a  process  of  regeneration, 
or  post-generation.  In  the  same  way  as  many  adult  organisms  are 
capable  of  restoring  or  regenerating  lost  parts,  so  the  ovum  may 
possess  the  property  of  regenerating  parts  artificially  removed. 
Another  possible  explanation  is  that  when  a  complete  embryo  is 
produced  the  nucleus  of  the  injured  blastomere  has  not  been  killed. 

The  statement  that  the  first  furrow  in  the  frog’s  egg  always 
coincides  with  the  sagittal  plane  of  the  embryo  has,  however,  been 
shown  not  to  be  correct.  Thus  Jenkinson  gives  the  table  on  page  88- 

This  gives  a  “standard  deviation”  cr  of  3T45°±073.2  Under 
the  same  conditions,  the  standard  deviation  of  the  angle  between 
the  plane  of  symmetry  and  the  sagittal  plane  is  found  to  be  26’80° 
±0’82.  “In  other  words,  there  is  a  greater  tendency  for  the 
sagittal  plane  to  coincide  with  the  plane  of  symmetry  than  with 


1  Anat.  Anz.y  ix.,  1894. 

l2  T  C  J 


If  d—  individual  deviation 


and  n  —  number  of  cases, 


then 
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that  of  the  first  furrow.” 1  cr,  for  the  angle  between  the  plane  of 
symmetry  and  the  first  furrow,  is  highest  of  all,  viz.,  3L46°  ±  LOT. 
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The  coefficient  of  correlations  between  these  various  planes  are 
the  following  : — 

{a)  Between  plane  of  symmetry  and  sagittal  plane  =  0,451  ±0'035 
(. b )  Between  first  furrow  and  sagittal  plane  =  0,364±0,033 

(c)  Between  first  furrow  and  plane  of  symmetry  —  0T86  +  0043  2 


Results  of  Coalescence  of  Two  Eggs. 

Sala 3  and  Zur  Strassen  4  have  succeeded  in  fusing  two  eggs  or 
parts  of  two  eggs  of  ascaris,  and  Driesch  has  done  the  same  in  the 
case  of  the  sea-urchin.  In  each  case  the  result  was  the  development 
of  a  normal  larva  of  large  size.  When  two  blastulae  are  made  to 
fuse,  there  still  results  a  single  larva,  though  some  of  the  parts 
are  doubled.  Moreover,  Garbowsky 5  has  shown  that  even  when 
two  blastulte  of  different  species  in  somewhat  different  stages  of 
development  are  made  to  coalesce,  normal  development  may  result. 


1  Jenkinson,  ‘‘Three  Lectures  on  Experimental  Embryology, 

61. 

dx  =  individual  deviation  of  first  series, 
d2  =  individual  deviation  of  second  series, 
y  —  coefficient  of  correlation, 

S(^) 
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If 
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Arch.  Mikr.  Anat . ,  44,  1895. 

4  Arch./.  Entw.  mech .,  7,  1898. 

5  Bull.  Intern  at.  Acad.  Scie . ,  Cracovie,  1904  (1905). 


”  Oxford,  1917, 
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2.  Cause  of  Cell  Division,  and  of  the  Arrangement  of  the 
Cleavage  Cells. 

(a)  Cause  of  Cell  Division. — We  have  seen  (p.  36  et  seq.)  that  the 
cell  nucleus  acts  as  an  oxidising  agent  in  intra-cellular  respiration. 
Lillie,  by  means  of  micro-chemical  methods  first  employed  by  Ehrlich, 
found  that  the  neighbourhood  of  the  nucleus  is  the  region  of 
maximum  oxidation,  and  Macallum  has  found  the  presence  of  iron 


Fig.  23. — Coalescence  of  Two  Eggs. 


Grafted  frog  embryos.  Anterior  part,  Rana  sylvatica  ;  posterior  part,  R.  fiaiustris. 

Each  half  preserved  its  own  peculiarities  (difference  in  colour,  etc.)  even  up  to 
adult  condition  (Conklin’s  “  Heredity  and  Environment,”  Princeton  University 
Press). 

(which  plays  the  chief  part  of  oxygen  carrier  in  the  case  of  red  blood 
corpuscles)  in  nuclear  chromatin.  Further,  Spitzer  has  shown  that 
oxidation  ferments  obtained  from  various  tissue  extracts  are  typically 
nuclear  substances,  in  that  they  belong  to  the  group  of  nucleo- 
proteins.  Hence  the  nucleus  may  be  looked  upon  as  the  oxidation 
centre  of  the  cell.  Moreover,  we  have  already  seen  (p.  36  et  seq.)  that 
immediately  after  fertilisation  has  occurred,  rapid  oxidation  takes 
place  inside  the  egg,  leading  to  a  synthesis  of  chromatin,  with 
subsequent  enlargement  of  the  nucleus. 


90  PRINCIPLES  OF  CHILD  PHYSIOLOGY 


Richard  Hertwig1  believes  that  the  limiting  size,  to  which  a  cell 
may  attain  as  a  result  of  growth,  is  determined  by  the  proportion 
between  the  volume  of  its  nucleus  and  that  of  its  cytoplasm, 

Hence  the  cytoplasm  begins  to  grow  to  keep  pace  with  the 

growth  of  the  nucleus.  The  cytoplasm,  however,  continues  to  grow 

Vn 

after  the  nucleus  has  stopped  growing,  and  when  the  ratio  — 

Yc 

approaches  the  lowest  functional  limit,  the  cell  begins  to  divide. 

Moreover,  as  the  functional  activity  of  a  cell,  i.e .,  absorption  of 
oxygen,  necessarily  depends  upon  the  extent  of  its  free  surface,  and 
as  the  area  of  the  surface  of  any  geometrical  figure  (such  as  a  sphere 
or  cube,  etc.)  increases  relatively  slower  than  its  volume,  we  can  see 
that  a  cell  must  reach  a  limiting  size  beyond  which  the  extent  of  its 
surface  becomes  too  small  to  allow  a  sufficient  supply  of  oxygen  to 
its  enlarging  mass.  Suppose,  for  instance,  the  cell  to  be  spherical,  of 

radius  r,  its  volume  is  then  ^rr3,  whilst  its  surface  is  If  the 

O 


diameter  of  the  cell  becomes  doubled  (2r),  then  its  volume 
32 

becomes  — 7T?'3,  or  eight  times  the  original  volume,  whilst  its 

O 


surface  only  increases  to  1 67 rr2,  or  four  times  its  original  surface. 
In  other  words,  the  relation  between  surface  and  volume  becomes 
only  a  half  of  what  it  was  before. 


Nature  of  the  Mechanism  of  Mitosis. 

Heidenhain 2  attempted  to  explain  the  processes  of  mitosis  on 
purely  mechanical  principles.  He  believed  that  the  two  parts  of 
the  centrosome  in  the  amphiaster  stage  were  pulled  upon  by  the 
contractile  fibres  in  the  amphiaster,  and  by  these  mechanical  means 
not  only  were  the  chromosomes  drawn  towards  the  opposite  ends 
of  the  spindle,  but  a  constriction  of  the  cell  occurred,  resulting  in 
division.  He  constructed  a  model  (Fig.  24)  consisting  of  a  series  of 
rubber  bands  (the  “rays”)  arranged  at  equal  intervals  on  the 
periphery  of  a  flexible  circular  hoop  (cell  periphery).  The  bands 
proceeding  from  each  half  of  the  periphery  he  fastened  at  their  ends 
to  a  pair  of  rings  (centrosomes)  placed  almost  at  the  centre  of  the 
circle.  These  rings  he  fastened  together.  On  cutting  the  connection 
between  the  two  rings,  they  are  drawn  apart  by  the  centrifugal 
tension  of  the  rubber  bands  (“diaster  position  ”),  and  a  constriction 
occurs  in  the  hoop  (“cell  division”). 

1  “Ueber  Neue  Probleme  der  Zellenlehre,”  Arch./.  Zellforschung ,  Leipzig,  i., 
1908.  2  Arch.  f.  Entw.  viech i. ,  1895. 
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Such  an  explanation  is  very  simple  and  ingenious,  but  it  cannot 
be  the  correct  one,  for  the  following  reasons  : — 

(a)  In  many  cases  of  mitosis,  either  the  fibres  or  the  asters 
may  be  absent. 

(/?)  The  inner  fibres  of  the  spindle  should  on  such  a  theory  be 
in  a  state  of  tension,  but  this  is  not  the  case.  On  the  contrary, 
“  they  often  exhibit  a  winding  course,  and  appear  to  grow  without 
any  appreciable  diminution  of  their  cross  section.”  1 

(y)  It  is  difficult  to  apply  the  principle  of  Heidenhain’s  models 
of  two  dimensions  to  those  of  three  (in  the  case  of  cells). 

Another  hypothesis,  apparently  well  founded,  is  that  the 
activity  of  the  centrosome  is  of  a  chemical  nature.  The  achromatic 
fibres  are  supposed  to  be  passive,  and  the  chromosomes  are  attracted 


Fig.  24. — Heidenhain’s  Model  to  illustrate  mechanism  of  Mitosis 
(Przibram’s  “  Embryogeny,”  Cambridge  University  Press). 


chemically  towards  the  centrosomes  which  are  the  seats  of  chemical 
activity.  These  chemical  changes  are  further  believed  to  influence 
the  tension  of  the  impermeable  surface  film  of  the  cell  in  such  a 
way  that  the  region  near  the  centrosomes  becomes  of  higher  tension, 
and  that  farthest  away  from  them,  viz.,  the  plane  of  the  equatorial 
plate,  becomes  a  region  of  lower  tension.  As  a  result  of  this,  con¬ 
striction  occurs  in  the  plane  of  the  equator.2  According  to  Lillie, 
differences  in  electrical  tension  accompany  these  chemical  activities, 
and  these  aid  in  bringing  about  the  constriction.  Indeed,  differences 
of  electrical  potential  have  been  demonstrated  in  different  regions 
of  some  dividing  cells.3 

T.  B.  Robertson  has  shown  that  if  a  thread  moistened  in 
N 

IQ  NaOH  be  laid  upon  one  diameter  of  a  drop  of  olive  oil,  placed 

1  Hans  Przibram,  “  Embryogeny,”  Cambridge,  1908,  p.  32. 

2  E.  Strassburger,  “  Zellbildung  und  Zellteilung,”  iii.  Auf.,  Jena,  1880. 

3  F.  R.  Lillie,  Biol.  Bull.,  17,  1909. 
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on  the  surface  of  water,  the  drop  divides  into  two  drops.1  This  is 
due  to  the  formation  of  a  soap  by  the  interaction  of  the  NaOH  with 
the  oleic  acid,  and  this  soap  induces  streaming  phenomena,  leading 
to  a  division  of  the  drop  into  two.  Robertson  assumes  that  in 
cell  division  cholin,  which  is  an  alkali  set  free  in  the  hydrolysis  of 
lecithin  during  the  synthesis  of  nucleins  from  lecithin,  is  probably  the 
substance  which  serves  to  form  the  soap,  and  induces  cell  division. 
This  view  has,  however,  been  disputed  by  M‘Clendon.2 

Mechanism  of  the  Formation  of  the  Amphiaster. 

The  formation  of  the  amphiaster  has  also  been  explained  chemi¬ 
cally.  It  is  believed  that  when  the  ratio  —  is  increased  beyond 

V  n 

a  certain  limit,  chemical  alterations  occur  in  the  centrosomes  of 
such  a  nature  as  to  make  them  the  centres  of  two  equivalent  series 
of  chemical  reactions  with  the  cytoplasm  which  cause  the  formation 
of  the  dicentric  system  of  surface  tension.  The  nature  of  the 
chemical  alteration  in  the  centrosomes  is  such  that  the  latter  absorb 
the  more  liquid  parts  of  the  cytoplasm.  This  absorption  of  water 
leads  to  the  radiations  seen  in  the  asters  and  spindles.3  All  this 
is  extremely  hypothetical,  but,  as  Kellicott  remarks,  “these  hypotheses 
represent  the  state  of  our  present  ignorance  of  the  nature  and 
origin  of  the  mitotic  figure  and  process. ” 

Developmental  Relations  between  the  Various  Blastomeres. 

An  interesting  question  to  be  considered  now  is  whether  the 
formation  of  organs  or  portions  of  the  organs  of  the  body  from 
particular  blastomeres  is  due  to  the  particular  position  of  those 
blastomeres  in  the  cell  group  of  the  segmenting  egg,  or  whether  it  is 
the  result  of  definite  individual  intra-cellular  differentiation.  Accord¬ 
ing  to  Pfliiger,  O.  Hertwig,  and  Driesch,  the  cells  in  the  blastomere 
group  are  isotropic ,  i.e.,  they  are  equivalent  in  their  potentialities,  and 
the  differentiation  that  results  from  them  is  due  to  cell  interaction , 
and  is  therefore  determined  by  the  relative  position  of  each  particular 
cell  in  the  cell  group  and  not  by  its  particular  intra  cellular  organisa¬ 
tion.  In  other  words,  according  to  these  observers,  the  prospective 
value  or  significance  of  a  cell  is  entirely  a  function  of  its  position.  The 
experiments  of  Driesch  and  others  on  the  development  of  complete 
sea-urchins  and  certain  other  organisms  from  a  single  daughter  cell 
(p.  86),  as  well  as  the  earliest  experiment  in  division  of  the  develop- 

1  T.  B.  Robertson,  Arch,  f  Entw.  meek.,  xxix.,  1909. 

2  Ibid .,  xxxiv.,  1913,  263,  and  Amer.  Journ.  Phys.,  xxvii.,  1910,  240. 

3  See  L.  Rhumbler,  Arch.  f.  Entw.  ?nech.,  iii.,  1896,  527-623. 
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ing  egg  of  the  siphonophore  crystallodes,  performed  by  Haeckel 1  in 
1869,  in  which  eggs  of  the  second  day  of  development  cut  into  from 
two  to  four  pieces  gave  rise  to  complete  embryos,  would  seem  to  be 
evidence  in  favour  of  this  view. 

The  experiments  described  on  pp.  83-85,  however ,  show  that  cell 
interactions  alone  play  but  a  stnall  part  in  the  process  of  differentiation^ 
and  that  therefore  the  prospective  significance  of  a  blastomere  is  chiefly 
a  function  of  its  intra-cellular  organisation. 

(b)  Arrangement  of  the  Cleavage  Cells. 

(a)  The  first  question  we  have  to  ask  ourselves  in  this  connection 
is  :  “  Why,  vohen  an  ovum  has  divided  into  two ,  should  the  daughter 
cells  cohere  and  not  separate  l  ”  It  is  a  well-known  physical  fact  that 
drops  of  fluid  will  only  associate  to  form  a  system  of  drops  without 
separating  or  fusing  with  one  another,  if  they  are  coated  with  a  layer 
or  film  which  is  soluble  neither  in  the  surrounding  medium  nor  in 
the  fluid  of  the  drops  themselves.  If  the  film  is  soluble  in  the 
surrounding  medium,  the  drops  separate ;  if  it  is  soluble  in  the  fluid 
of  the  drops  themselves,  they  fuse.  It  is,  therefore,  a  plausible 
assumption  that  in  our  segmenting  ovum  there  is  such  an  insoluble 
coating  film  around  and  between  the  individual  blastomeres.  This 
assumption  is  borne  out  by  an  observation  due  to  Herbst,2  who 
ocularly  and  experimentally  demonstrated  the  existence  of  such  a 
film.  Around  and  between  the  blastomeres  of  certain  eggs — like, 
for  instance,  the  sea-urchin — there  is  visible  a  definite  coating  film. 
This  is  insoluble  in  ordinary  sea  water,  but  if  the  egg  be  placed  in  arti¬ 
ficial  sea  water  from  which  the  calcium  has  been  removed,  then  the 
film  is  seen  to  dissolve  and  the  blastomeres  separate.  If,  however, 
these  separate  blastomeres  be  transferred  to  water  containing  lime,  the 
cleavage  cells  formed  by  later  segmentation  cohere,  and  indeed  even 
some  of  the  separated  blastomeres  may  again  unite. 

We  can,  therefore,  say  that  just  like  in  an  ordinary  system  of 
bubbles ,  the  cohesiofi  betiveen  the  individual  blastomere  is  due  to  the 
presence  of  a  film  around  and  between  them ,  which  is  insoluble  in  the 
surrounding  fluid. 

(f3)  The  next  problem  to  be  solved  is  concerned  with  the  causes 
which  determine  the  particular  pattern  of  cleavage.  As  a  discussion 
of  this  problem  will  involve  a  knowledge  of  the  principle  of  surface 
tension ,  I  shall  devote  a  little  space  towards  the  elucidation  of  this 
phenomenon.3 

1  “Nat.  Verh.,”  Utrecht,  1869. 

2  Arch.  f.  Entw.  mech. ,  ix.,  1899,  424-463. 

3  For  the  mathematics  involved  in  this  chapter  I  am  indebted  to  Professor 
D’Arcy  W.  Thompson’s  book  on  “Growth  and  Form.” 
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Surface  Tension  and  the  Law  of  Minimal  Surface  Area. 

On  the  molecular  theory  we  assume  that  the  various  component 
particles  in  any  liquid  are  attracted  to  one  another  by  a  force  which 
is  directly  proportional  to  the  products  of  their  masses,  and  inversely 
proportional  to  the  square  of  the  distance  between  them.  Hence  a 
particle  in  the  interior  of  the  liquid  is  equally  attracted  on  all  sides, 
and  is  therefore  in  a  state  of  equilibrium.  On  the  surface  layer, 
however,  every  particle  is  attracted  towards  the  particles  below,  but 
this  inward  attraction  is  not  counter-balanced  by  any  outward 
attraction.  Hence  there  is  a  force  at  the  surface  which  acts  inwards, 
and  makes  the  liquid  behave  as  if  it  were  enclosed  within  an  elastic 
skin.  This  force  is  called  surface  tension ,  and  is  indicated  by 
the  letter  y. 

It  is  thus  evident  that  to  bring  a  particle  of  the  liquid  to  the 
surface  layer,  work  must  be  done  against  molecular  attraction,  and 


Fig.  25. — To  illustrate  Surface  Tension. 

therefore  the  formation  of  a  liquid  surface  involves  an  expenditure  of 
energy  called  surface  energy.  This  surface  energy  is  obviously 
proportional  to  the  product  of  the  surface  tension  y,  and  the  area  of 
the  surface  s  of  the  fluid.  Hence,  there  is  a  tendency  in  every  liquid 
to  diminish  the  area  of  its  surface  as  much  as  possible.  This  is  called 
the  law  of  minimal  surface  area. 

Now,  suppose  we  have  a  drop  of  some  fluid  b  (say  water), 
exposed  to  air  c  (Fig.  25,  a). 

The  whole  surface  energy  of  the  system  may  be  considered  as 
divided  into  three  parts,  viz.  : — 

(i.)  Between  the  exposed  surface  of  the  drop  a  and  the 
atmosphere  c. 

(ii.)  Between  the  submerged  surface  of  the  drop  a  and  the 
water  or  other  fluid  b. 

(iii.)  Between  the  surface  of  the  water  or  fluid  b  and  the 
atmosphere  c. 
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Hence  a  single  particle  placed  at  the  point  of  contact  o  would 
be  drawn  upon  by  these  three  forces,  whose  directions  lie  on  the 
three  surface  planes  (i.e.,  the  tangents  at  o),  and  whose  magnitude 
would  be  proportional  to  the  surface  tensions  between  each  of  these 
two  fluids  a  and  b,  b  and  c,  a  and  c.  Therefore,  in  accordance 
with  the  well-known  theorem  of  the  triangle  of  forces,  these  three 
forces  must,  in  a  state  of  equilibrium,  be  capable  of  representation  in 
magnitude  and  direction  by  the  three  sides  of  a  triangle,  as  in  Fig.  25,  b. 
From  this  it  follows  that — 

(1)  If  the  form  of  the  drop  is  known  we  can,  by  drawing 

tangents  at  o,  determine  the  angles  of  the  triangle,  and 
in  this  way  ascertain  the  relative  magnitudes  of  the 
three  surface  tensions,  since  by  a  well-known  trigono¬ 
metrical  theorem,  P  :  Q  :  R  :  sin  QOR  :  sin  POR  : 
sin  POQ. 

(2)  Conversely,  if  we  know  the  relative  magnitudes  of  the 

surface  tensions,  we  can  reconstruct  the  triangle  of 
forces  and  ascertain  the  angles,  and  therefore  also  the 
form  of  the  drop. 

(3)  The  three  forces  can  only  be  in  equilibrium  when  any  one 

of  them  is  less  than  the  sum  of  the  other  two  (since 
any  one  side  of  a  triangle  is  always  less  than  the  sum 
of  the  other  two  sides).  Therefore,  in  the  case  of  a 
drop  of  olive  oil,  for  instance,  upon  a  clear  water 
surface,  the  drop  cannot  remain  in  equilibrium, 
because  the  relative  magnitudes  of  the  surface  tensions 
between  water  and  air,  water  and  oil,  air  and  oil  are  in 
the  proportions  of  75,  32,  and  21,  and  no  triangle  can 
be  constructed  from  sides  having  these  relative 
magnitudes  since  75  >(32  +  21). 

(4)  If  the  three  surfaces  are  all  alike,  i.e .,  when  three  similar 

liquids  meet  together,  the  three  tensions  are  all  equal, 
and  form  the  sides  of  an  equilateral  triangle  where 
angles  are  60°,  and  therefore  the  tangents  meet  at  an 
angle  of  120°. 

Now,  consider  the  case  of  two  cells  in  contact,  or  a  double  soap- 
bubble  (Fig.  26). 

The  surface  of  the  two  bubbles  exerts  an  inward  pressure  (in 
virtue  of  the  surface  tension)  which  is  inversely  proportional  to  their 

radii  (r  and  /%),  i.e.,  p  :  pl  :  —  :  — . 

r  rl 

.'.  For  the  partition  wall  to  be  in  equilibrium  it  must  exert  a  pressure 
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in  the  opposite  direction  which  is  equal  to  the  difference  between 
these  two  pressures, 


p  1  1 

i.e.,  P  =  —  =  _ 
R  r 


1__  rx-r 
r,  rr. 


.’.  R  (  =  radius  of  partition  wall)  = 


rr. 


r  -  r. 


From  this  it  follows  that  if  the  cells  are  equal ,  i.e.,  if  r—rv  then 
the  radius  of  the  partition  wall  is  infinitely  great,  i.e.,  the  partition  is 
a  plane  surface . 

Now,  in  the  typical  case  of  an  equally  divided  cell,  at  any  point 
A  of  the  boundary  of  the  partition  wall,  the  tensions  being  equal, 
the  angles  QAB,  RAB,  QAR  (Fig.  26,  c)  are  all  equal,  and  each  is 
therefore  an  angle  of  120°.  But  the  centres  of  the  two  spheres  must 
lie  on  the  perpendiculars  to  the  tangents. 


Fig.  26. — Two  Bubbles. 


OA  and  O' A  meet  at  angle  60°.  But  OA  =  O'A. 

.'.  OAO'  is  an  equilateral  triangle. 

O  must  lie  on  the  circumference  of  the  circle  ACB,  and  O' 
must  lie  on  the  circumference  of  the  circle  ADB. 

Also  AB  =  2r  sin  60  =  L1732r.  Thus  the  partition  wall  lies 
midway  between  the  two  surfaces,  and  its  length  is  1*732  times  the 
radius  of  either  cell. 

When  we  have  three  bubbles  in  contact  (Fig.  27)  we  can  see 
by  similar  considerations  that  the  three  partitions  AB,  BC,  BD  will 
meet  one  another  at  angle  120°,  and  if  the  three  bubbles  or  cells  are 
of  equal  size  the  partition  surfaces  will  be  plane. 

The  Four  Bubbles  System  (Fig.  28). 

In  the  case  of  four  bubbles  joined  together,  two  modes  of 
arrangement  seem  to  be  possible.  Either  the  four  partition  walls 
may  meet  at  right  angles  as  in  A,  or  there  may  be  five  partition 
walls  as  in  B  meeting,  three  and  three,  at  angles  of  120°. 
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By  the  law  of  minimal  areas,  however,  the  system  always  assumes 
the  configuration  B,  since  it  can  be  shown,  mathematically,  that  only 
in  such  a  configuration  is  the  total  area  of  the  partition  walls  a 


Fig.  27.— Three  Bubbles  System. 

minimum.  Thus  on  the  surface  of  a  honeycomb,  the  three  boundary 
walls  between  cell  and  cell  always  meet  at  an  angle  of  120°.  For 
this  reason  in  the  four-cell  stage  of  a  dividing  ovum  we  find  the  same 


Fig.  28. — Four  Bubbles* .System. 

arrangement.  The  plane  AB  in  such  a  case  is  called  the  polar 
furrow ,  and  is  generally  almost  negligibly  small. 

Therefore,  on  theoretical  considerations,  we  should  expect  to 
find  on  examining  a  microscopic  section  of  a  segmenting  ovum  in 
the  various  stages  that  the  partition  wall  between  the  various  cells 
should  meet  at  angles  of  120°.  This  is  found  to  be  the  case.  Hence 

7 
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we  may  say  that  a  segmenting  ovum  divides  in  accordance  with  the 
laws  of  surface  tension. 

Now,  if  that  be  the  case,  we  ought  to  find,  further,  that  the 
partition  wall  between  each  two  cells  must  be  one  of  minimum 
surface  area  (see  p.  94).  It  will,  therefore,  be  profitable  to  consider 
whether  the  various  planes  of  segmentation  that  occur  in  a  typical 
case  of  cell  division  are  arranged  in  such  a  way  as  to  present  surfaces 
of  minimal  area. 

We  shall  first  give  a  morphological  description  of  a  typical 
so-called  radial  or  rotatorial  form  of  cleavage  as  found  in  homo- 
lecithal  eggs,  and  we  shall  then  investigate  if  such  a  form  of  cleavage 
follows  the  law  of  minimal  surface  area. 


Morphological  description  of  a  Typical  Radial  Form  of  Cleavage. 

(a)  The  first  cleavage  plane  passes  vertically  through  both  poles 
and  the  chief  axis  of  the  egg,  i.e.,  it  is  meridional. 

( b )  The  second  plane  is  also  meridional,  but 
at  right  angles  to  the  first,  and  divides  the  egg 
into  four  equal  quadrants. 

if)  The  third  plane  is  at  right  angles  to  a  and 
b ,  and  is  therefore  horizontal.  In  the  typical  egg 
it  runs  along  the  equator,  and  is  therefore  called 
F  _Radial  equatorial,  dividing  the  egg  into  eight  equal  cells, 
form  of  Cleavage,  arranged  in  equal  upper  and  lower  quartettes. 

( d )  The  fourth  plane  is  again  meridional,  divid¬ 
ing  the  quartettes  into  upper  and  lower  octets. 

(e)  The  fifth  cleavage  plane  is  latitudinal  and  double,  dividing 
the  upper  and  lower  octets  each  into  two  horizontal  groups  of  eight 
cells. 

The  cleavage  continues  to  alternate  meridionally  and  vertically 
until  segmentation  is  complete. 

We  see,  therefore,  that  in  a  typical  cleavage  the  egg  divides 
according  to  the  Sachs- Her  twig1  s  rule ,  viz.,  successive  cleavage  planet 
tend  to  alternate  at  right  angles  with  one  another. 

If  we  look  at  an  artificially  compressed  segmenting  ovum  of  a 
frog  (that  is  to  say,  when  reduced  to  the  form  of  a  flattened  plate), 
or  if  we  look  at  a  microscopic  section  of  a  segmenting  ovum,  we 
see,  firstly,  the  division  into  four  quadrants  by  the  partitions  1,  2. 

Secondly,  the  division  of  each  quadrant  by  means  of  the 
latitudinal  circular  area  3,  3,  cutting  the  peripheral  wall  2,  2  of  the 
quadrant  approximately  in  the  proportion  of  3  :  7. 

Thirdly,  the  division  into  eight  oblong  cells  is  taking  place  by 
partition  transverse  to  the  long  axis. 
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If  we  ask  ourselves  why,  in  spherical  or  homolecithal  eggs, 
successive  cleavage  planes  tend  to  alternate  at  right  angles  with  one 
another  in  accordance  with  Sachs-Hertwig’s  law,  the  answer  is: 


Fig.  30. — Artificially  compressed  segmenting  Ovum  of  Frog. 


Because  only  when  the  division  takes  place  in  this  manner  is  the 
partition  wall  in  each  case  one  of  minimal  area.  Thus,  starting 
with  the  original  cell,  it  is  obvious  that  no  bisecting  partition  can 
possibly  be  shorter  than  the  two  diameters 
(Fig.  31),  so  that  the  first  two  cell  divisions 
offer  no  difficulty.  We  have  only  to  bear 
in  mind  what  we  have  mentioned  on  p.  97, 
that  by  the  law  of  minimal  areas  the  con¬ 
figuration  of  the  four  quadrants  is  so 
altered  that  only  three  partition  walls  meet 
in  a  point,  as  in  Fig.  28,  b,  p.  97.  As, 
however,  the  fifth  boundary  wall  AB  is  very 
small,  we  may  deal  with  each  of  the  quart¬ 
ette  cells  as  if  it  were  actually  a  quadrant. 

The  problem,  therefore,  which  remains 
for  investigation  with  regard  to  the  third 
plane  of  division  is  the  following  : — 

Which  is  the  shortest  line  which  shall 
bisect  the  quadrant  of  a  circle ,  i.e.,  divide  it 
into  two  halves  of  equal  area  ? 

Now,  a  quadrant  may  obviously  be  bi¬ 
sected  in  one  of  three  ways  (Fig.  32),  viz.  : — 

(a)  Radially ,  by  a  line  EO. 

(b)  Periclmally ,  by  means  of  a  con-  jtjGi  3*2.- — Various  modes  of 

centric  arc  KH,  making  bisecting  a  Quadrant. 

the  segment  z  —  segment  y. 

(c)  Anticlinally ,  by  means  of  an  arc  FG  which  cuts  one 

radial  wall  at  G  and  the  periphery  at  F. 

Now,  consider  the  periclinal  division  first  (Fig.  33).  The  area  of 
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the  whole  quadrant  — -T  *  The  area  of  the  smaller  quadrant  =  ^  . 


But  this  by  hypothesis  =  \  the  area  of  the  large  quadrant  = 


7T/~ 


8 


0  9  9 

/V  rl  o 

-i-  =  —  or  r /  =  — 

4  8  1  2 


it  y  iry  • 

But  lengths  of  the  arcs  of  the  quadrants  =  — -  and  1  respectively 

/ r  /O 


~r  , 
=  and 
2 


rr  J2 
4 


We  get  length  of  periclinal  partition  = 


-r  J 2 


4 


22  L4  1  - 
=  —  x  r  ==  l*lr 
7  4 


Next,  consider  the  anticlinal  division  (Pig.  34). 


Fig.  33. — Periclinal 
bisection  of  Quad¬ 
rant. 


JB 


Fig.  34. — Anticlinal  bisection 
of  Quadrant. 


Let  the  arc  PM  bisect  the  quadrant  OAB  of  radius  r. 

It  is  required  to  find  Length  of  PM. 

Construction.- — Draw  OP,  and  also  PC,  a  tangent  at  P,  meet¬ 
ing  OA  produced  in  C  at  an  angle  0.  Draw  PN  perpendicular 
to  OA. 

Then  since  angle  BOC  =  BOP  +  POC  =  right  angle,  and  POC  + 
0  =  right  angle, 

BOP  =  9. 


But 


BOP  =  OPN 


OPN  =  0. 
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CP  =  OP  cot  6  =  r  cot  0 
PN  =  r  cos  0 

NC  =  CP  cos  0 

=  r  cot  0  cos  0 

r  cos  0  n 
= - V - 7T  COS  0 

sin  0 

r  cos2  0 
sin  0 

The  area  of  the  portion  PMN 

=  area  PMC  -  area  PNC 
=  |CP20-JPN.NC 

=  br20  cot 20  -  \r cos  0  —  CQS  ^ 

sm  0 

=  Jr2  cot  0(0  cot  0 -  cos2  0) 
and  area  of  PNA 

=  area  OPA  -  area  OPN 

=  k2(g-0)-i°N-NP 


Now 


CP 

OP 


cot  0 


PN  n 
— -  =  cos  0 
OP 


NC 

CP 


=  cos  0 


— -  1 -j'2j 


7T 

v2 


-  0  )  —  Ar  sin  0.  r  cos  0 


=  A  -  0  -  sin  0  cos  0 


Area  of  whole  portion  PM  A  =  area  PMN  +  area  PNA 


—  1~2 
~  2r 


0  cot2  0  -  C0.S'-S  +  (Z  ~  -  sin  0  cos  0 


sin 


0 


r~  /  tt 
T  V  9 


0  f  0  cot2  0  -  cot  0 


This  by  hypothesis  =  J  area  of  quadrant  = 


irr- 

8 


--0  +  0  cot2  0  -  cot  0  =  y 

4 


.  \  ^  -  0  +  0  cot2  0  -  cot  0  =  0 

4 


This  equation  is  satisfied  by  the  value  0  =  34  38J'. 
The  length  of  the  arc  MP,  therefore,  which  =  rd  cot  0 

=  0-8751r=fr  - 
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Hence  we  get  as  follows — 

Length  of  radial  partition  =  r. 

„  anticlinal  ,,  =  0’8751r. 

„  periclinal  ,,  =1*1  r. 

.*.  By  the  law  of  minimal  area  the  ceil  in  the  quartette  must 
divide  anticlinally . 

Hence  the  division  of  each  of  the  four  cells  in  the  quartette  stage  by 
means  of  the  latitudinal  circular  arcs ,  as  shown  in  Fig.  30,  is  a 
necessary  sequence  of  the  lazvs  of  surface  tension. 

We  have,  however,  to  investigate  this  form  of  division  one  step 
further.  We  have  seen  on  p.  98  that  the  arcs  3,  3  cut  the 
peripheral  walls  of  their  respective  quadrants  in  the  proportion  of 
3  :  7.  Does  this  observed  proportion  agree  with  the  proportion 
OM  :  MA  in  our  theoretical  diagram  ?  Let  us  see. 

P 

P 

KIKLQK  Pd 


0  M  A  Q, 

Fro.  35.  Fig.  36. 

In  Fig.  34  we  have  OM  —  OC  —  MC  =  r  cosec  0  -  r  cot  6 
=  r  (cosec  34°  38i'-cot  34°  38J')  =  0*3028r. 

.*.  OM  :  M A  =  0*3028  :  0*697 2  =  3:7.  Q.E.D. 

Taking  now  each  blastomere  of  the  quartette  bisected  anticlinally, 
we  obtain  two  cells  of  different  shapes  (Fig.  35),  viz.  : — 

(1)  A  triangular  cell  MPA,  two  of  whose  sides  are  arcs  of  circles. 
(2)  A  quadrilateral  cell  MOBP.  Can  we  foretell  how,  on  the 
principle  of  minimal  areas,  the  next  division  is  going  to  occur? 

It  is  obvious,  that  as  far  as  the  quadrilateral  cell  is  concerned,  the 
least  possible  partition  wall  which  shall  divide  it  into  two  equal 
halves  must  run  periclinally  or  across  the  long  axis  of  the  oblong, 
as  in  Fig.  36,  and  if  we  look  at  Fig.  30,  we  shall  see  that  in  a  flattened 
frog’s  egg  the  four  oblong  cells  divide  periclinally  by  the  transverse 
partition  4,  4. 

When,  however,  we  investigate  the  mode  of  division  of  the 
triangular  cell  the  problem  is  not  so  simple. 

We  already  know  that  in  the  case  of  a  quadrant  the  smallest 
partition  wall  which  bisects  the  cell  is  an  anticlinal  wall. 
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On  the  other  hand,  if  we  take  a  small  segment  of  a  circle,  it  is 
obvious  that  the  smallest  bisecting  wall  must  be  situated  periclinally , 
like  ab  (Fig.  37). 

We  must,  therefore,  find  the  particular  size  of  the  arc  AB,  in 
which  the  periclinal  partition  wall  will  just  equal  the  anticlinal  one. 
When  we  have  found  that,  we  shall  know  that  for  any  segment  of  a 
circle  subtending  an  arc  greater  than  that  particular  size,  the  minimum 
partition  wall  will  be  an  anticlinal  one,  and  for  any  segment  below 
that  limiting  size  the  minimum  partition  wall  will  be  a  periclinal  one. 

To  find  the  limiting  size  of  the  arc  AB,  consider  Fig.  38. 

From  Fig.  34  on  p.  100  we  know  that  MP  =  OB  0  cot  9 

=  rO  cot  9. 


A 


(/) 


Fig.  38. 


Suppose  the  triangular  portion  OAB  (Fig.  38)  to  be  bisected 
periclinally  by  the  arc  SR. 

Area  of  OSR  =-  OR2#. 

Area  of  OB  A  =  OA29. 


.*.  By  construction  OR2 :  OA2  :  :  1  :  2  or  OR  :  OA  :  :  1  :  J2. 
.*.  SR  :  BA  :  :  1  :  J~2. 

.'.  Arc  RS  =  arc  MP  (  =  r0  cot  9)  when  rO  cot  9  —  -^—. 

J2 

.’.  When  9  cot  0  <C— 7=  division  will  take  place  anticlinally. 

\/  2 


From  this  we  learn  that  if  the  angle  of  the  arc  is  an  angle  between 
90°  and  6 2 '5°,  the  minimum  partition  w all  is  an  anticlinal  one , 
while  in  any  narrower  segment  the  periclinal  is  the  small  bisecting 
wall. 

But  since  the  bisecting  partition  MP  of  the  quadrant  makes 
the  angle  of  the  arc  PA  (in  Fig.  34)  about  55°  22'  (i.e.,  90°  -  34°  38'), 
.•.  The  minimum  partition  wall  in  the  next  division  must  be  a 
periclinal  one. 

We  thus  learn  that  the  division  of  both  the  triangular  and  quadri¬ 
lateral  cells  in  the  octet  stage  must  take  place  periclinally,  or  at 
right  angles  to  the  previous  divisions. 
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3.  Order  of  Succession  of  Subsequent  Cell  Division. 

Now,  consider  the  triangular  cell  MPA  (Fig.  39).  Since  the  width 
of  the  cell  near  P  is  obviously  less  than  near  either  of  the  two  other 
angles,  it  follows  that  the  shortest  bisecting  plane  is  a  circular  arc  QR, 
dividing  the  cell  again  into  a  triangular  and  quadrilateral  position. 

Similarly,  cell  PQR  will  be  bisected  by  arc  ST,  since  the  cell 
is  narrowest  at  angle  Q.  We  thus  see  that  there  soon  comes  a 

time  when  the  peripheral  cells  of  our  circular 
disc  are  all  quadrilateral  in  shape,  which  must, 
therefore,  subsequently  divide  transversely  to  the 
long  axis  as  UV. 

All  these  theoretical  observations  are  con¬ 
firmed  by  observation. 

“We  have  little  reason  to  doubt,”  says 
D’Arcy  Wentworth  Thompson,1  “that  the  whole 
configuration  of  an  egg  in  the  advanced  stage  of 
segmentation  is  accurately  determined  by  simple  physical  laws,  just 
as  much  as  in  the  early  stages  of  two  or  four  cells,  during  which 
early  stages  we  are  able  to  recognise  and  demonstrate  the  forces 
and  their  resultant  effects.”  Thus  A.  Robert,2  in  a  masterly 
research  on  the  egg  of  the  marine  univalve  ttochus  showed  that 
segmentation  proceeded  up  to  the  sixteen-cell  stage  in  accordance 
with  the  laws  of  surface  tension,  and  he  succeeded  in  imitating  the 
configuration  of  the  several  stages  by  means  of  soap  bubbles. 
Hence,  although  the  further  stages  of  segmentation  have  as  yet 
been  incapable  of  experimental  reproduction  by  means  of  soap 
bubbles,  or  of  mathematical  analysis  on  the  principles  of  surface 
tension,  one  is  justified  in  assuming  that  the  configurations  in  the 
later  and  more  complex  stages  of  the  segmenting  ovum  are  governed 
by  the  same  physical  principles  as  have  determined  the  orientation 
of  the  cells  in  the  earlier  stages.  “  We  have  no  evidence,”  says 
Thompson,  “  that  at  this  point  or  that  point,  or  at  any,  the  dominion 
of  the  physical  forces  over  the  material  system  gives  place  to  a  new 
condition  whose  agencies,  at  present  unknown  to  the  physicist, 
impose  themselves  on  the  living  matter,  and  become  responsible  for 
the  conformation  of  its  material  fabric.” 

The  Factors  which  determine  the  Location  of  the  Cleavage  Plane. 

The  first  cleavage  plane  is  determined  by  : — 

(1)  The  structure  of  the  ovum .  The  first  cleavage  plane 

corresponds,  as  a  note,  with  the  plane  of  symmetry  of 
the  ovum  (see  p.  87  above). 

1  “  Growth  and  Form,”  Cambridge,  1917. 

2  “  Recherches  sur  le  developpement  des  Troques,”  Arch.  Zool.  Exp.,  x.,  1903. 


Fig.  39, 
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(2)  The  entrance  path  of  the  spermatozoon.  In  some  cases 
the  entrance  path  of  the  spermatozoon  determines 
the  plane  of  the  first  cleavage. 

“  The  second  cleavage  plane ,  which  is  usually  at  right  angles  with 
the  first,  generally  corresponds  with  the  median  transverse  axis  of  the 
egg,  embryo ,  and  adult P 

“  The  third  cleavage  plane  is  usually  horizontal,  and  separates 
animal  and  vegetable  poles,  and  correspo?ids  most  frequently  with 
the  separation  in  the  embryo  and  adult  of  the  more  active  animal  and 
less  active  vegetative  tissues P  1 

Cell  Lineage  (see  pp.  84  and  85). 

It  is  thus  possible  to  speak  of  “ cell  lineage  ”  of  an  organism,  i.e.,  in  forms 
with  determinate  cleavage  it  is  possible  to  trace  the  structures  of  the  embryo  and 
adult  back  to  single  cells  or  parts  of  cells. 

Cleavage  is  therefore  in  many  cases  to  be  regarded  as  “  a  process  by  which 
specific  substances  or  regions  of  the  egg  become  segregated  in  different  regions 
of  the  embryo,  where  each  continues  its  normal  differentiations  during  later 
developmental  stages,  and  gives  rise  to  specific  tissues  or  organs.”2 

The  cell  lineage  of  various  parts  of  the  Turbellarian  Plancera  has  been  worked 
out  by  Surface,3  and  that  of  Ascaris  by  Zur  Strassen.4 5  Many  other  organisms 
have  had  the  cell  lineage  of  their  various  parts  traced. 


4.  The  Formation  of  a  G-astrula. 

The  next  question  we  have  to  consider  is  what,  if  any,  physico¬ 
chemical  agencies  are  at  work  which  cause  some  of  the  cells  in  the 
blastula  stage  to  invaginate,  and  convert  the  blastula  into  a  gastrula. 

The  mechanics  of  gastrulation  has  been  discussed  by  many 
biologists,  including  Hatschek,  Rumbler,  Zur  Strassen,  and  others. 
The  question  is  by  no  means  settled,  but  the  most  simple  and 
ingenious  explanation  of  the  phenomenon  is  that  given  by  Assheton 
in  1910,  in  a  paper  in  Arch,  f  Entw.  mechP 

Assheton  finds  that  if  a  large  number  of  spheres,  which  exercise 
an  attractive  influence  on  one  another,  be  arranged  in  a  circle,  and 
if  the  centre  of  attraction  of  a  few  of  those  spheres  be  eccentrically 
situated  somewhere  between  the  centres  of  the  sphere  and  their 
outer  surfaces,  then  those  fewr  spheres  are  mechanically  constrained 
to  invaginate. 

This  is  seen  from  a  consideration  of  Fig.  40.  For  let  X,  Y,  Z 
represent  three  lower  spheres,  in  the  middle  one  of  which,  Y,  the 
centre  of  attraction  A  is  eccentrically  situated  near  the  outer 

1  Kellicott,  op.  cit.,  p.  217. 

2  Op.  cit.,  p.  257. 

3  Quoted  by  Kellicott,  op.  cit.,  pp.  248-253. 

1  Arch.f.  Entw.  meek.,  iii. ,  1896. 

5  Reprinted  in  Assheten’s  “Growth  in  Length,”  Cambridge,  1916,  pp.  67-98. 
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margin  of  the  sphere,  while  in  the  side  ones  X  and  Z,  the  centres  of 
attraction  B  and  C  coincide  with  the  centre  of  the  sphere. 

The  lines  AB,  AC  represent  the  direction  as  well  as  the  strength 
of  the  forces  of  attraction  between  X  and  Y,  and  between  Y  and  Z, 
whilst  AD,  the  diameter  of  the  parallelogram  of  forces,  represents  their 
resultant. 

If  the  tissues  are  perfectly  compressible,  the  spheres  Y  must 
move  in  the  direction  of  D. 

Both  these  conditions  are  present  in  the  case  of  the  blastula. 
The  intercellular  attraction  between  the  individual  cells  of  a  blastula 
has  been  discovered  by  Roux  in  1894.  That  observer  found  that 
if  the  blastomeres  of  cells  of  Rana  fusca ,  towards  the  end  of 


Fig.  40. 

(After  Assheton.) 


segmentation,  be  isolated  by  means  of  a  needle  and  floated  in  a 
suitable  medium,  such  as  a  solution  of  white  of  egg  in  J  per  cent, 
saline,  they  are  so  attracted  to  one  another  as  to  come  into  contact, 
and  become  pressed  and  flattened  against  one  another.  This 
phenomenon,  which  Roux  originally  called  Cytotropis??i ,  is  now  called 
Cytotaxis ,  though  Assheton  suggests  the  term  Cytokinesis  as  more 
appropriate. 

The  other  necessary  condition,  viz.,  eccentricity  of  attraction 
centre  in  the  lower  segment  of  the  cells  of  the  blastula,  is  also 
present,  since  the  most  reliable  drawings  of  sections  of  the  gastrulating 
Amphioxus,  as  published  by  Sobotta,  Samassa,  Morgan  and  Hazen, 
Wilson,  MacBride,  Cerfontaine,  and  Legros,  all  agree  in  showing  the 
nuclei  of  the  cells  about  to  invaginate  to  be  distinctly  more  eccentric 
and  lying  closer  to  the  outer  surface  of  the  cells  than  those  of  the  cells 
which  take  no  part  in  the  process  of  invagination  (Fig.  41).  And 
the  fact  is  well  known  as  Hertwig's  law ,  that  “  the  nucleus  tends  to 
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take  up  a  position  in  the  centre  of  its  sphere  of  influence,  i.e.,  of  the 
protoplasmic  mass  in  which  it  lies.” 

5.  The  Formation  of  Organs  and  Limbs. 

The  morphological  details  of  organo-genesis  are  known  well 
enough,  and  are  described  with  great  minuteness  in  embryological 
text-books ;  but  what  it  is  that  determines  “  the  manifold  twistings 
and  overlappings,  and  separations  and  approximations  ”  which  result 
in  the  changes  in  form,  as  well  as  in  the  anatomical  structure  of  the 
developing  embryo,  it  is  difficult  to  account  for  on  physico-chemical 
or  mathematical  principles. 

If  we  could  assume  that  every  part  of  the  growing  organism  has 
its  own  particular  rate  and  direction  of  growth,  then  we  could 


Fig.  41. 

(After  Assheton.) 

Drawings  of  sections  of  the  gastrulating  blastula  of  Amphioxus,  showing  how 
the  nuclei  of  the  cells  occupy  the  position  within  their  cells  required  by  the 
hypothesis  explained  in  the  text. 

A,  after  Samassa  ;  B,  after  Sobotta. 

account  for  the  successive  changes  in  the  shape  of  the  embryo  by 
the  differences  or  ratios  between  the  rates  of  growth  of  those  parts  in 
their  various  directions.  Thus  an  increased  velocity  of  growth  of 
one  part  outwards  or  inwards  will  cause  that  part  to  protrude 
outwards  or  inwards,  as  the  case  may  be ;  on  the  other  hand,  a 
diminution  in  the  rate  of  growth  at  any  part  will  cause  that  part  to 
be  surrounded  or  built  in  by  the  more  actively  growing  neighbouring 
parts.  This  can  be  demonstrated  experimentally  by  constructing 
an  “  artificial  blastoderm  ”  of  little  pellets  of  dough  containing 
different  quantities  of  yeast,  when  it  will  be  seen  that  the  unequal 
rates  of  growth  of  the  various  pellets,  as  well  as  the  tractions 
exercised  through  their  mutual  interconnections,  will  result  in  the 
various  foldings  and  other  distortions  of  the  blastoderm.1  The 
1  Roux,  “  Die  Entwicklungs  mechanik,'5  1905,  p.  99. 
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trouble,  however,  is  how  to  account  for  such  different  rates  of 
growth.  But  we  shall  proceed  to  show  that  even  on  the  supposition 


new  added  portion  is  equal  to 
that  the  arc  PA  =  55°  22'  (see  ] 

Arc  BP  =  9 


that  all  cells  in  the  embryo  have 
a  uniform  rate  of  growth,  certain 
individual  cells  in  certain  stages  of 
division  must  necessarily  project  or 
give  rise  to  protuberances  in  dif¬ 
ferent  directions. 

Let  us  consider  again  our  quad¬ 
rant  cell  OAPB  (Fig.  42),  and  con¬ 
sider  the  fate  of  the  triangular  and 
oblong  cells  (MPA  and  OBPM)  in 
their  next  division.  Since  each 
division  plane  divides  a  cell  into 
two  equal  parts,  it  is  reasonable  to 
suppose  that  before  each  of  the  two 
halves  divides  again,  it  must  have 
grown  to  double  its  size,  so  that  the 
the  original  portion.  But  we  know 
.  103). 

)°  -  55°  22'  =  34°  38'. 


.\  If  the  whole  quadrant  grow  uniformly,  i.e.,  with  equal  radial 


increment  AA'BB',  then  the 
new  increments  AA'PP',  BB'PP' 
will  be  in  the  ratio  55°  22'  :  34° 
38'  or  8  :  5. 

Hence  it  is  obvious  that  the 
triangular  cell  MPA  will  double 
its  size,  and  be  ready  to  divide 
a  considerable  time  before  the 
quadrilateral  cell  OBPM. 

.\  Before  OBPM  is  ready  to 
divide  it  must  grow  to  OB  "P"M, 
so  that  the  added  portion  BB"P"P 
is  equal  in  area  to  OBPM. 

Hence  we  see  that  a  uniform 
rate  of  growth  of  the  two  cells 
will  involve  unequal  radial  i?icre- 
ments  A  A'  and  BB"  i?i  o?-der  to 
ensure  their  equal  mcrease  in  bulk. 


B* 


Fig.  43. 


It  is  possible  to  calculate  mathematically  the  exact  extents  of  the  increments 
AA'  and  BB"  (see  Fig.  43). 

Let  radius  ol  quadrant  OA— 1. 

Let  AA'  =  X  and  BB"  =  Y. 
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Then  if  the  triangular  and  quadrilateral  cells  be  called  T  and  Q  respectively, 
we  have,  since  area  of  a  circle  =  7rr2  (where  r—  radius), 

. -.  Area  of  quadrant  =  T  + Q  =  ^7r.  OA2 

=  lir  =  0-7854, 
and  area  of  T  =  Q  =  =  0  ‘3927. 

Now,  area  of  triangle  OP'A'  =  OA'  x  =(1  +X).  ^  But  since  the  total 

2  2 

length  of  the  circumference  of  the  circle  of  radius  OA'  or  (1  +  X)  =  27t(1  +  X), 
and  the  number  of  degrees  in  the  whole  circumference  =  360°, 

•  1°_27t(1+X)_7t(1+X)_3T416 


But  arc  AT' =  55°  22'. 

.  \  Length  A'P'  = 


360 
3T416 


1 80° 


(1+X). 

180°  180° 

(1  +X)  x  55°  22'  =  0-9663  (1+X). 


.-.  (l+X).^5P-  =  0-4831  (1  +  N)2. 

j-j 

A  P 

Similarly  area  of  OPA  =  OA. —  =  0*4831. OA2=0‘4831. 

2 

.  *.  By  subtraction,  area  of  added  portion  AA'PP'  =  0*4831  [(1+X)2-1] 

=  0*4831  (X2  +  2X). 

But  by  hypothesis,  this  =  T  =  (P3927. 

.*.  0-4831  (X2  +  2X)  =  0-3927, 

.-.  X2  +  2X  =  — 927  =0-810, 

0-4831 

.-.  X2  +  2X  + 1  =  1-810,  i.e.,  (X  +  l)2=  1-810. 


Whence 


.*.  X+l=  Cl -810  =  1-345. 
X  =  0-345. 


p/'-p'/  p,,p// 

Similarly  OP"B"  =  OB".  1_£_  =(1  +  Y).— — . 


2 


But  arc  P"B"  =  34°  38'. 

.-.  Length  of  P"B"  = 


//-d  n  3’1416 


180 
P"B" 


(1  +  Y)  x  34°  38'  =  0-6045  (1+Y). 


0-3022  (1+Y)2. 


•••  (1+Y) 

z 

Similarly  area  of  OB"P"  =  0'3022. 

.  *.  By  subtraction,  area  of  added  portion  BB'TP"  =  0*3022  (Y2  +  2Y). 

This  by  hypothesis  =  Q  =  0  "3927. 

.-.  Y2  +  2Y  =  ^-27  =  1-299, 

0-3022 

.*.  Y2  +  2Y  +  1,  or  (Y+l)2  =  2"2999, 

.-.  Y  +  1  =  C2  ‘2999  =  T516, 

.-.  Y  =  0-516. 

We  thus  see  that  when  the  two  cells  increase  at  a  uniform  rate  of  growth,  they 
will  not  be  ready  to  divide  until  their  radial  increments  are  in  the  proportion  of 
345  :  516  or  2  :  3. 


These  speculations  give  us  some  insight  into  the  physical  and 
mathematical  principles  according  to  which  certain  outgrowths  occur 
in  the  early  embryo  which  afterwards  give  rise  to  limbs  and  other 
organs.  But  why  these  outgrowths  should  arrange  themselves  into 
the  particular  patterns  of  the  particular  organs  to  which  they  give 
rise,  or  what  it  is  that  turns  “  the  apparent  chaos  of  the  germinal 
globe”  into  “the  orderly  arrangement  of  the  embryonic  world”  is 
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a  question  which  must  for  the  present  remain  unanswered  except 
on  the  supposition  ( pace  His)  that  there  is  some  hereditary 
force  constraining  them  to  do  so.  The  following  beautiful  lines 
express  our  present  state  of  ignorance  regarding  the  physiology  of 
organo-genesis  : — 

“Fearful  and  wondrous  is  the  skill  which  moulds 
Our  body’s  vital  plan, 

And  from  the  first  dim  hidden  germ  unfolds 
The  perfect  limbs  of  man. 

Who,  who  shall  pierce  the  secret — tell  us  how 
Something  is  drawn  from  nought — 

Life  from  the  lifeless  mass?  Who,  Lord,  but  Thou, 

Whose  hand  the  whole  hath  wrought. 

Of  this  corporeal  substance,  still  to  be, 

Thine  eye  a  survey  took, 

And  all  my  members  yet  unformed  by  Thee, 

Were  written  in  Thy  book.” 


6.  The  last  question  we  set  ourselves  to  answer  is,  “What 
influence  has  environment  upon  development  ?  ” 

It  is  clear  that  heredity  and  environment  must  be  considered  as 
complementary  factors  in  the  question  of  development,  since,  in  the 
absence  of  environmental  stimuli,  not  only  would  the  germ  cells  never 
be  made  to  fuse,  but  would  fail  to  develop  after  fusion  had  taken 
place. 

Classification  of  Developmental  Stimuli. 

(1)  Physical. 

(a)  Mechanical. 

(b)  Thermal. 

(c)  Electrical. 

(d)  Radiant. 

(e)  Light. 

(/)  Density  of  medium. 

(g)  Gravity  and  centrifugal  force,  etc. 

(2)  Chemical. 

(a)  Substances  found  in  normal  development,  e.g.,  oxygen, 

C0.2,  water,  food,  internal  secretions,  etc. 

(b)  Substances  not  found  in  normal  development,  e.g.,  salts, 

acids,  alkalis,  alcohol,  tobacco,  toxins,  etc. 

We  have  seen  that,  by  the  elimination  of  certain  of  those  stimuli 
which  are  normally  present,  animals  have  been  formed  in  which 
certain  organs  or  parts  of  the  body  are  lacking,  or  are  found  in 
abnormal  positions.  In  this  way  dwarfs,  giants,  one-eyed  monsters, 
anencephalic  or  acephalic  foetuses,  as  well  as  all  sorts  of  double  and 
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partial  foetuses,  have  been  produced.  Indeed,  one  may  make  the 
general  statement  that  all  defective  or  monstrous  forms  of  develop¬ 
ment  are,  as  a  rule,  due  to  alterations  of  the  normal  stimuli  rather 
than  to  defective  hereditary  factors. 

Environment  may  have  its  Effect  during  the  various  Stages  of 
Development. 

(1)  Ante-conceptional. — Tower  has  found  that  unusual  conditions 
of  humidity  and  temperature  during  the  later  stages  of  oogenesis 
and  spermatogenesis  may  so  modify  the  germ  cells  as  to  lead  to  the 
production  of  new  races  in  the  case  of  the  potato-beetle.  Conklin 
has  found  that  slight  increase  in  temperature  at  the  time  of  nuclear 
division  may  lead  to  an  abnormal  division  of  the  chromosomes  and, 
therefore,  presumably  to  a  change  in  hereditary  constitution.  The 
application  of  radium,  X-rays,  and  various  chemical  substances  to 
spermatozoa  before  fertilisation,  may  result  either  in  sterility,  or  in 
the  production  of  monstrosities.  It  is  a  well-known  fact  that  in  the 
early  days  of  X-ray  work,  before  the  discovery  of  protective  apparatus, 
workers  with  these  rays  often  remained  sterile.  As  regards  the  influence 
of  chemical  reagents  on  the  germ  cells,  the  work  of  Stockard  is  of 
very  great  interest.  This  observer  subjected  male  and  female  guinea- 
pigs  to  the  fumes  of  alcohol  for  some  time  before  breeding  them,  and 
he  found  that  the  influence  of  that  poison  on  the  spermatozoa  was  as 
harmful  as  its  effect  on  the  ova;  the  results  in  each  case  were  either 
sterility  or  stillbirths  or  sickly  offspring.  Hence  there  is  some  force 
in  the  ancient  belief  and  in  Forel’s  contention  that  a  state  of 
inebriety  in  the  parents,  especially  at  the  time  of  conception,  may 
lead  to  degeneration  and  malformation  in  the  human  foetus. 
Charrin  and  Gley  injected  into  female  animals  the  Bacillus 
pyocyaneus ,  or  its  toxin,  and  in  breeding  they  gave  rise  to  monstrous 
offspring  ;  and  they  believe  syphilis  to  be  a  cause  of  monstrous  births. 

(2)  Conceptional.  —  Environmental  changes  during  fertilisation 
may  injure  the  germ  cells,  or  give  rise  to  polyspermy  (see  p.  35). 
In  either  case  the  resulting  development  is  abnormal. 

(3)  Post- conceptional. — We  have  seen  that,  by  separating  the 
blastomeres  from  one  another  in  the  various  cell  stages,  each  may 
give  rise  to  an  entire  animal.  If  the  frog’s  egg  be  turned  upside 
down  in  the  two-cell  stage,  double-headed  or  double-bodied  embryos 
may  result.  Giacomini,  in  1889,  drew  off  some  fluid  from  the 
blastodermic  vesicle  of  a  pregnant  rabbit  and  introduced  a 
foreign  body  into  it,  and  exercised  pressure  upon  it.  In  this  way 
he  succeeded  in  either  arresting  development  to  some  extent, 
or  in  producing  atrophic  embryos.  Charles  Fere  injected  toxins 
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or  chemical  poisons,  such  as  various  alcohols,  ether,  chloroform, 
morphine,  cocaine,  strychnine,  phosphorus,  etc.,  and  he  found  that 
the  teratogenic  power  of  the  various  alcohols,  as  measured  by  the 
percentage  of  monstrous  births  they  gave  rise  to,  varied  with  their 
toxicity,  as  the  following  table  shows  : — 


Nature  of  Injection. 

Percentage  of 
Monstrosities. 

Controls  - 

8-3 

Water  - 

8-3 

Ethyl  alcohol  - 

17-8 

Propyl  alcohol  - 

54-6 

Isopropyl  alcohol 

82-6 

etc. 

etc. 

For  the  action  of  gravity  and  centrifugal  force,  see  pp.  6  and  85. 

Siamese  twins,  or  two-headed  forms,  etc.,  probably  result 
from  a  partial  separation  of  the  human  cleavage  cells.  If  the 
division  is  slight,  the  developed  individual  may  show  only  the 
beginning  of  a  division  into  two,  as  in  the  two-headed  form  ;  if 
complete,  two  separate  individuals  (identical  twins)  may  be  formed. 

Changes  in  Temperature  or  Density  of  the  Surrounding  Medium. 

Spina  bifida  or  anencephaly  or  cerebrocele  has  been  produced 
by  such  changes  in  the  case  of  vertebrates.  Such  a  deformity  results 
from  a  failure  of  the  gastrula  to  close.  In  other  cases  a  cyclops  may 
be  produced. 

Changes  in  Nutrition. 

Gudernatsch,  by  feeding  tadpoles  of  the  frog  on  thyroid,  produced 
frogs  as  small  as  flies,  whilst  feeding  on  thymus  produced  dark- 
coloured  tadpoles,  which  did  not  change  into  frogs  (see  p.  6*26). 
Larvae  of  bees  fed  on  “  royal  jelly,’’  which  is  a  food  rich  in  fats,  are 
transformed  into  fertile  females  or  queens,  but  when  fed  on  an 
ordinary  bee  bread  they  become  infertile  females  or  workers. 

Notwithstanding  the  great  mass  of  information  that  has  been 
acquired  in  recent  years  regarding  the  manner  in  which  development 
takes  place,  the  knowledge  we  possess  represents  merely  a  minute — 
one  might  almost  say  infinitesimal — fraction  of  what  is  to  be  known. 
Indeed,  the  words  of  Harvey  are  almost  as  true  to-day  as  when  they 
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were  written  some  two  hundred  and  seventy  years  ago  :  “  Although  it 
is  subscribed  by  all  that  the  foetus  assumes  its  origin  and  birth  from 
the  male  and  female,  and  consequently  that  the  egge  is  produced  by 
the  cock  and  henne,  and  the  chicken  out  of  the  egge,  yet  neither  the 
schools  of  physicians,  nor  Aristotle’s  discerning  brain  have  disclosed 
the  manner  how  the  cock  and  its  seed  doth  mint  and  coine  the 
chicken  out  of  the  egge.” 


8 


CHAPTER  VIII 


THE  GENERAL  PHYSIOLOGY  OF  PRE-NATAL 
DEVELOPMENT  AND  METABOLISM 

“  Systematic  physiology  is  based  especially  upon  the  history  of  development, 
and  unless  this  is  more  complete,  can  never  make  rapid  progress,  for  the  history 
of  development  furnishes  the  philosopher  with  the  material  necessary  for  the 
secure  constiuction  of  organic  life.  Hence  anatomical  and  physiological  researches 
should  be  prosecuted  more  from  the  point  of  view  of  development  than  is  now  the 
case.”  Emil  Huschke  (1832). 

In  order  to  obtain  a  clear  idea  of  the  physiological  activities 
occurring  in  the  developing  embryo,  it  is  necessary  to  have  an 
exact  knowledge  of  the  chemistry  of  the  two  cells  (ovum  and  sper¬ 
matozoon)  from  which  the  embryo  is  derived.  This  applies  with 
special  emphasis  to  the  ovum,  because,  as  we  have  seen,  the  sper¬ 
matozoon  simply  sets  the  wheel  of  development  in  motion,  but 
takes  no  part  in  the  metabolic  activities  of  the  embryo. 

The  student  will,  therefore,  do  well  to  study  the  table  on  p.  27, 
Chap.  II.,  giving  the  percentage  composition  of  a  hen’s  egg.  From 
that  it  will  be  seen  that  the  yolk,  or  ovum  proper,  chiefly  differs 
from  the  white  by  its  richness  in  lecithin  and  other  fats  (33*58  per 
cent,  as  against  0*3  per  cent.).  The  egg-shell  consists  mostly  of 
CaC03.  During  development  some  of  the  Ca  goes  to  build  up 
the  structure  of  the  embryo.  Paris1  mentions  the  case  of  a  hen 
that  had  its  leg  broken,  and  three  days  later  it  laid  several  eggs 
without  shells,  suggesting  that  the  calcareous  matter  destined  for 
the  shell  had  gone  to  regenerate  the  bone. 

The  Shell  Me?nbrane  consists  of  a  substance  belonging  to  the 
group  of  chemical  compounds  known  as  the  keratins. 

The  table  on  p.  115  gives  the  percentages  of  mono- and  di-amino 
acids  obtained  from  the  albumen  of  the  egg  on  treatment  with 
boiling  hydrochloric  acid. 

Functions  of  Fats  in  Ovum. 

(a)  Respiratory  Function. — William  Cramer2  suggests  that  the 
lecithin  and  other  phosphorised  fats  may  act  as  oxygen  carriers, 

1  Trans.  Linn.  Soc.  Lond.,  x.,  1811,  p.  304. 

2  See  Marshal,  op.  cit.,  p.  268. 
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and  thus  fulfil  an  important  function  in  embryonic  respiration.  He 
bases  his  theory  on  the  observation  that  aqueous  emulsions  of  egg- 
lecithin  absorbed  much  more  oxygen  than  water  alone  or  watery 
solutions  of  proteins. 


Egg  Albumen 

Keratin  from 

(White  of  Egg). 

Vitellin. 

Egg  Membrane. 

(Abderhalden 

(Hugounenq. ) 

(Abderhalden 

and  Pregl.) 

and  Ebsten.) 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Glycine  - 

0 

<0  5 

3*9 

Alanine  - 

2-1 

<0-5 

3*5 

Valine 

— 

1*5 

LI 

Leucine  - 

61 

6*8 

7*4 

Phenylalanine  - 

4.4 

0-7 

— 

Tyrosine  - 

LI 

2-0 

Serine 

— 

<0*5 

Cystine  - 

0-3 

— 

7-6 

Proline  - 

2-3 

<0*5 

4-0 

Oxyproline 

— 

— 

— 

Aspartic  acid  - 

1-5 

0-7 

LI 

Glutamic  acid  - 

8-0 

TO 

8*1 

Tryptophane  - 

+ 

— 

•— 

Arginine  ) 

T  &.  Di-amino 

•  Lysine  > 

2*15 

2-14 

L0 

1*2 

— 

Histidine  ) 

— 

2*1 

— 

Total  - 

30*1 

19-1 

36-7 

+  indicates  present  in  undetermined  amount. 
-  means  “  unknown  ”  amount. 


(b)  Store  of  Growing  Material.  —  The  phosphorus  which  is 
present  in  organic  combination  no  doubt  supplies  the  developing 
embryo  with  the  material  necessary  for  growth.  Feeding  experi¬ 
ments  on  man  and  animals  tend  to  show  that  organic  phosphorus 
is  better  absorbed  than  phosphorus  given  as  inorganic  phosphates. 

Merconitzky,  in  1907,1  and  Plimmer  and  Scott,2  in  1909,  have 
shown  that  as  the  embryo  grows  the  phosphorised  fats  in  the  yolk 
gradually  diminish.  Some  of  them  reappear  as  such  in  the  nervous 
tissue  of  the  embryo,  another  portion  combines  with  the  protein  in 
the  egg,  and  becomes  synthesised  into  nucleo-proteins,  whilst  the 


1  Russki  Vratch,  1907,  see  Bioch.  Centralblatt ,  vi.,  1907. 

2  Journ.  of  Physiol.,  xxxviii.,  1909. 
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remainder  becomes  converted  into  inorganic  phosphates  which 
enter  into  the  formation  of  bones. 

(c)  Source  of  Developmental  or  Ontogenetic  Energy. — It  is  obvious 
that  during  the  process  of  development  a  certain  amount  of  work 
is  done  by  the  egg  in  changing  from  the  simple  unicellular  to  the 
complex  multicellular  state.  Where  does  the  energy  required  for 
this  work  come  from  ?  We  have  seen  in  the  last  paragraph  that 
a  large  proportion  of  the  phosphorised  fats  disappears  and  becomes 
converted  into  inorganic  phosphates.  Liebermann 1  has  further 
shown  that  only  half  the  total  amount  of  fat  originally  present  in 
the  fresh  egg  can  be  recovered  after  the  chick  has  been  hatched. 
It  would,  therefore,  seem  probable  that  some,  if  not  all,  of  the 
energy  of  development  is  derived  from  the  oxidation  of  fat. 

Bohr  and  Hasselbach,2  in  a  brilliant  series  of  investigations, 
came  to  the  conclusion  that  fat  is  almost  the  exclusive  source  of 
chemical  energy  which  is  used  up  during  the  chick's  development. 
This  they  did  by  studying  the  respiratory  quotient  of  the  incubating 

egg- 

When  an  organic  chemical  compound  is  burned  up,  it,  of  course, 
requires  the  supply  of  a  certain  amount  of  oxygen,  and  yields  up  a 
corresponding  amount  of  C02. 

Supposing  the  substance  oxidised  is  a  carbohydrate  like  sugar, 
we  then  have  the  following  equation  : — 

C6Hi2O0  +  602  =  6C02  +  6H20, 

that  is  to  say,  for  each  volume  of  oxygen  used  up  an  equal  volume 
of  C02  is  liberated ;  in  other  words  the  ratio 

co,=  1 
o„  ' 


If  we  burn  up  fat,  we  have  the  equation  : 

C57H104O6  +  80O2  =  57COo  +  52H,0, 

(olein) 

CO, 


i.e 


57 


«^  =  0-71, 


Go  80 


and  in  the  case  of  proteins  : 


C72Hii2Nis°22S  +  7702  -  63C02  +  38H20  4-  9CO(NH2)2  +  SO, 

or 


3’ 


C2  =  ^.^0-82. 


02  77 

This  volumetric  ratio  of  C02  liberated  to  02  absorbed  is  called 
the  respiratory  quotient  (R.Q.).  We  therefore  see  that  the  respiratory 


1  Pf tiger’s  Arch.,  vol.  xliii. ,  1888. 

2  Skand.  Arch.  f.  Physiol .,  xiv.,  1903. 
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quotient  tells  us  the  nature  of  the  substance  that  is  burned  up 
in  the  body. 

The  Meaning  of  a  Respiratory  Quotient  greater  than  Unity 
or  less  than  0  7. 

CO  . 

When  the  ratio  — -2>1,  it  is  obvious  that,  since  more  COo  by  volume  is 

vJo 

expired  than  the  02  that  is  inspired,  a  substance  rich  in  oxygen,  like  glucose,  is 
being  converted  into  a  substance  poor  in  oxygen,  like  fat,  the  excess  of  oxygen 
being  utilised  for  the  oxidative  processes,  and  acting  as  a  substitute  for  atmospheric 
oxygen.  Hence,  if  R.Q.  >1,  it  means  that  there  is  a  conversion  of  carbohydrate 
into  fat.  Pembrey 1  has  shown  that  marmots  devour  large  quantities  of  carbo¬ 
hydrate  food  previous  to  winter  hibernation,  and  that  during  the  period  of  excessive 
carbohydrate  ingestion,  R.Q.  may  rise  as  high  as  1'39,  because  the  carbohydrate 
is  being  converted  into  fat  for  use  during  winter. 

In  diabetic  patients,  in  hibernating  animals  (during  hibernation  and  during 
fasting),  the  respiratory  quotient  is  less  than  07.  From  this  it  was  inferred  that 
in  these  conditions  fat  was  being  converted  into  sugar,  e.g. , 

2C3H6(Cl8H3302)3  +  6402=16CflH1806  +  18C02  +  8H20,  giving  R.Q.  =  ^  =  0*281. 

[olein]  b4 

It  has,  however,  been  shown  that  this  is  not  the  case.  It  is  probably  due  to  the 
accumulation  of  C02  in  the  blood. 

Bohr  and  Hasselbach  showed  that  K.  Q.  in  the  case  of  the 
developing  egg  is  0*71,  showing  that  the  substance  oxidised  is  fat. 
Now,  whenever  oxidation  occurs,  there  is  always  a  definite  amount 
of  heat  produced  which  can  be  measured  experimentally ;  hence,  by 
determining  the  amount  of  heat  given  off  during  any  period  of 
incubation,  it  is  possible  to  calculate  the  amount  of  fat  oxidised 
during  that  time.  Bohr  and  Hasselbach  found  that  during  a  period 
of  incubation  of  twelve  days  : — 

The  amount  of  heat  actually  given  off  was  12*16  calories. 

The  amount  of  heat  calculated  from  the  amount  of  fat  actually 
oxidised  was  12*11  calories,  showing  conclusively  that  all  the  energy 
of  development  was  derived  from  oxidation  of  fat  in  the  egg,  and  that 
its  value  expressed  in  calories  was  12. 

Tangl 2  studied  the  question  in  a  different  way.  He  burned  up 
in  a  calorimeter  hens’  eggs  in  the  fresh  state  and  at  the  moment  of 
birth  of  the  chick,  and  determined  the  amount  of  heat  evolved  in 
each  case.  He  found  that  the  differences  between  the  heat  values  of 
eggs  in  the  two  cases  was  16  calories,  or  about  17  per  cent,  of  the 
original  total  (viz.,  92  calories). 

The  Energy  of  Development ,  or  Ontogenetic  Energy,  used  in  the  pro¬ 
duction  of  the  young  chick,  therefore,  amounts  to  16  calories.  Tangl 
further  finds  that  each  egg  loses  in  solids  during  incubation,  and 
that  the  heat  value  of  1  gm.  of  such  solids  is  9  calories,  which  is 

1  Journ.  of  Physiol.,  xxvii.,  1901,  p.  407. 

2  P finger's  Arch.,  xciii. ,  1903,  p.  327. 
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approximately  the  calorific  value  of  fat  (see  p.  528).  He  therefore 
arrives  at  the  same  conclusion  as  did  Bohr  and  Hasselbach,  viz., 
that  the  energy  of  development  is  derived  from  fat . 

Pre-Natal  Law  of  Constant  Energy  Production  in  Non-Mammalian 
Animals. — Tangl  and  Mituch  showed  that  1  gm.  of  chick  requires 
for  its  development  805  small  calories,  while  1  gm.  of  solids  contained 
in  a  new-born  chick  requires  3,600  small  calories  for  its  production. 
Similar  figures  have  been  obtained  by  Farkas  for  the  egg  of  the 
silkworm,  and  by  Glaser  for  that  of  fundulus.  One  may,  therefore, 
say,  that  to  form  1  gm.  of  different  kinds  of  non-mammalian  animals , 
the  same  amount  of  chemical  energy  is  required. 

How  does  the  chick  embryo  obtain  its  oxygen  l 

The  oxygen  required  by  the  chick  embryo  is  absorbed  from  the 
air  through  the  porous  shell.  This  fact  was  discovered  by  Mayow 
in  1674.  If  the  shell  is  varnished  at  any  time  during  incubation, 
the  chick  inside  dies  from  asphyxia.  Also  incubation  in  an 
atmosphere  of  hydrogen  or  nitrogen  fails  to  cause  development. 
Another  interesting  fact  is  that  even  an  unfertilised  egg  exhibits 
respiratory  phenomena  by  yielding  C02,  showing  that  such  an  egg  is 
also  composed  of  living  matter. 

The  respiratory  activities  of  a  developing  embryo  are  greatly 
affected  by  temperature.  It  has  been  shown  by  Pembrey 1  that 
exposure  to  cold,  which  delays  development,  also  diminishes  the 
production  of  C02. 

Respiratory  Exchanges  in  the  Mammalian  Embryo  and  Foetus.  (See 
also  Chap.  X.) 

As  far  back  as  1674  Mayow2  maintained  that  the  placenta  was 
to  be  regarded  as  the  foetal  lung.  This  view  was  adopted  by  Hulse 
and  by  Ray  in  1759.  In  1876  Zweifel  demonstrated  spectroscopically 
the  presence  of  oxyhaemoglobin  in  the  umbilical  cord  before  the 
occurrence  of  pulmonary  respiration. 

Bohr3  investigated  the  respiratory  exchanges  in  mammalian 
foetuses  by  determining  the  oxygen  consumption  and  C02  pro¬ 
duction  in  pregnant  rabbits  and  guinea-pigs  before  and  during 
compression  of  the  umbilical  cord.  The  difference,  of  course, 
represents  the  value  of  the  respiratory  exchange  in  the  embryo. 
Bohr  found  the  respiratory  quotient  in  such  cases  to  be  TO,  indicating 
that  the  substance  oxidised  in  the  process  of  development  of  a  mammalian 

1  fourn.  of  Physiol.,  1894. 

2  “  Tractus  Tertius  de  Respiratione  Foetus  in  Utero,”  1674. 

3  Skancl.  Arch.  f.  Physiol .,  x.,  1900. 
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embryo  is  a  carbohydrate ,  and  the  work  of  Lochhead  and  Cramer  1 
has  shown  that  the  carbohydrate  burned  up  is  glycogen.  They 
analysed  the  placenta  and  foetus  of  pregnant  rabbits  at  different 
stages  of  gestation,  and  found  a  gradual  diminution  of  glycogen  in 
the  placenta,  and  a  gradual  (though  smaller)  increase  of  glycogen 
in  the  embryonic  tissues. 

Oddi  and  Vicarelli2  found  R.Q.  in  pregnant  rats  to  be  raised 
from  T70-0-80  (in  the  non-pregnant)  to  (P85-L0,  again  suggesting 
that  the  energy  of  development  was  derived  from  glycogen.  As, 
however,  the  exact  percentage  of  carbohydrate  in  the  ingested  food 
was  not  ascertained  by  those  observers,  it  is  impossible  to  say  with 
certainty  that  the  rise  in  R.Q.  was  not  due  to  an  excessive  intake  of 
carbohydrate. 

Respiratory  Exchanges  in  the  Human  Foetus. 

Magnus-Levy 3  studied  the  respiratory  exchanges  in  the  same 
woman  before  pregnancy,  during  the  various  stages  of  pregnancy,  and 
during  a  few  months  after  parturition.  His  results  are  summarised 
in  the  following  table  : — 


Litres 
of  Air 
per  Min. 

CL  per 
Min. 
in  c.c. 

Weight. 

Oo  per  Kilo 
Body  Weight 
per  Min.  in 
c.c. 

Pulse 
per  Min. 

Respira¬ 
tions 
per  Min. 

Non-pregnant 

7-10 

302 

108-4 

2-79 

72 

13 

period 

Pregnancy — 
Third  month 

7-88 

320 

111-4 

2-88 

66 

10 

Fourth  ,, 

7-88 

325 

UL3 

2-92 

84 

13 

Fifth 

8-38 

340 

110-7 

3-17 

84 

15 

Sixth  ,, 

9-15 

349 

110-9 

3-14 

78 

15 

Seventh  ,, 

9-42 

348 

112-0 

3-10 

90 

15 

Eighth  „ 

9*26 

363 

113-5 

3-20 

90 

16 

Ninth  ,, 

9-78 

383 

115-1 

3-33 

84 

13 

From  this  table  it  is  seen  that  there  is  a  gradual  increase  in  the 
consumption  of  oxygen  throughout  the  period  of  pregnancy,  and  at 
the  ninth  month  there  was  an  increase  of  80  c.c.  02,  i.e.,  25  per 
cent,  more  than  normal.  Since  at  that  time  the  pulse  rate  was 

1  Proc.  Roy.  Soc.,  Series  B. ,  vol.  lxxx.,  1908,  p.  263. 

“  Arch.  Ital.  de  Biologie ,  15,  1891,  pp.  367-375. 

3  See  Von  Noorden’s  “Metabolism,”  vol.  i.  (Ref.  Zeitschr. f.  Geburtshiilfc 
urtd  Gvniik.,  lii.,  1904,  p.  119.) 
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also  greater  by  12  per  min.,  Magnus-Levy  calculated  that  about 
15-20  c.c.  of  O,  must  be  assigned  to  the  increased  cardiac  work, 
50  c.c.  of  O.,  to  the  increased  metabolism  in  the  maternal  tissues, 
and  only  10  c.c.  of  CP  per  min.  were  considered  by  him  to  result 
from  the  metabolism  and  development  of  the  foetus. 

It  is,  however,  to  be  noted  that  Franz  Muller, 1  in  a  very  careful 
series  of  experiments,  failed  to  find  any  rise  in  02  consumption  up 
to  the  fifth  month,  and  Magnus-Levy  himself  detected  no  rise  in  the 
respiratory  exchanges  by  kilo  body  weight  in  two  other  women  in 
the  ninth  and  tenth  month.  Indeed,  considering  the  fact  that 
the  mother’s  metabolism  is  so  much  greater  than  that  of  the  foetus, 
especially  during  the  first  half  of  pregnancy,  when  the  embryo  has 
no  appreciable  weight,  it  is  hardly  probable  that  a  differential  method 
like  the  one  described  above  would  yield  results  of  any  degree  of 
accuracy. 

The  respiratory  quotient  of  a  new-born  human  baby  has  been 
studied  by  Hasselbach  in  1904,  who  found  it  to  be  1,  again  pointing 
to  glycogen  as  the  source  of  the  infant’s  energy.  Since  then  it  has 
been  studied  by  others.  (See  Chap.  XXI.,  p.  281  et  seq.) 

Pre-Natal  Law  of  Constant  Energy  Production  in  Mammals. 

We  shall  see  in  Chap.  XXVII.  that  small  animals  have  a  larger 
surface  area  per  unit  body  weight  than  larger  animals,  and  that  an 
infant  at  birth  has,  as  a  rule,  a  skin  surface  treble  in  area  per 
kilo  body  weight  than  has  a  fully-grown  adult.  Therefore,  by 
the  law  of  surface  area  (p.  382),  the  heat  production  in  a  new-born 
infant  should  be  per  unit  body  weight  thrice  as  large  as  it  is  in  the 
adult.  It  is  clear,  however,  that  whatever  may  be  the  difference  in  heat 
production  between  the  new-born  and  adult  animal,  there  cannot  be 
such  a  difference  between  the  full  term  foetus  and  its  mother, 
because  the  foetus  is  surrounded  by  a  hydrosphere  of  constant 
temperature,  and  performs  no  external  work  such  as  digestion, 
respiration,  excretion,  or  excessive  muscular  contraction,  etc.  Rubner 
concludes  that  the  heat  production  in  the  foetus  at  term  is  only  about 
y7<j  that  of  the  new-born  animal. 

Now  consider  the  table  on  p.  121. 

Rubner  found  that  if  a  graph  (Fig.  44)  be  constructed  by  taking  the 
durations  of  pregnancy  of  different  groups  of  animals  as  abscissae, 
and  the  respective  birth  weights  of  their  young  as  ordinates,  the 
resulting  curve  is  a  smooth  and  regular  one,  showing  that  birth  weight 
is  a  function  of  the  period  of  gestation.  Alan,  however,  is  an  exception 


1  See  Von  Noorden,  lot.  cit. 
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in  that  he  develops  very  slowly .  If,  in  addition,  a  curve  be  con- 


Animal. 

Period  During 
which  the 
Young  Doubles 
its  Weight. 

Gestation 
Period 
(in  Days). 

Weight  of 
Mother  (in 
Kilograms). 

Weight  of 
Young  (in 
Kilograms). 

Horse  - 

60 

340 

450 

50 

Cow 

47 

285 

450 

35 

Sheep  - 

15 

154 

50 

3-9 

Man 

180 

280 

55 

3-0 

Pig 

14 

120 

80 

2-4 

Dog  - 

8 

63 

.  .  . 

Cat 

9 

56 

Rabbit  - 

6 

28 

Guinea-pig  - 

67 

0-62 

0-087 

Mouse  - 

21 

0-02 

0-007 

Rhinoceros  - 

540 

.  .  . 

0  .  . 

Elephant 

630 

Duration  of  .pregnancies  in  days 

Fig.  44. — To  illustrate  Pre-Natal  Law  of  Growth. 


structed  on  the  same  diagram,  showing  the  heat  production  of  the 
respective  new-born  animals,  one  finds  the  following  results  : — 

(a)  For  animals  whose  birth  weight  is  50  kg.,  the  formation  of 
1  kg.  body  weight  corresponds  to  3T2  calories. 
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(b)  For  animals  whose  birth  weight  is  25  kg.,  the  formation  of 
1  kg.  body  weight  corresponds  to  42 ‘6  calories. 

(c)  For  animals  whose  birth  weight  is  12*5  kg.,  the  formation  of 
1  kg.  body  weight  corresponds  to  60  calories ;  and 

(d)  For  animals  whose  birth  weight  is  6*25  kg.,  the  formation  of 
1  kg.  body  weight  corresponds  to  66'6  calories. 

These  values  apply  to  the  extra-uterine  life  of  the  new-born 
animal.  As,  however,  the  heat  production  of  the  foetus  is  only 
Yo  that  of  the  new-born  animal  we,  therefore,  get,  as  the  intra¬ 
uterine  heat  production  : — 

For  (a)  23’9  ( =  34‘2  x  T7(j)  calories  'v 
„  (b)  29-8  (  =  42*6  xTV)  „  per 

„  (c)  42-0  (  =  60  xTV)  „  [  kilogram. 

„  (d)  46-6  (  =  66-6  x^)  „  J 


But  when  an  animal  develops  from  0  to  1  kg.,  the  mean  weight 
for  the  period  is  only  0-5  kg.  Therefore,  the  total  metabolism 
=  0*5  x  duration  of  development.  But  the  duration  of  appreciable 
development  is  only  about  T6^  of  the  total  duration  of  pregnancy, 
because  during  the  first  t4q  the  weight  of  the  foetus  is  negligible 
(e.g.,  the  human  embryo  at  eight  weeks  only  weighs  about  4  gm.,  i.e., 
about  Tjnnr  °f  end  weight). 

We  therefore  get 

For  (a)  340  x^x  =  *2631  calories. 


55 


55 


55 


(b)  250x^x^  =  2235 

Jj 

(c)  205  x  t6„  x  — 0  =  2583 

2 

(d)  177  x  T^x  i|l6  =  2470 

2 


5  5 


55 


^  Mean  =  2480. 


In  other  words,  the  total  amount  of  heat  produced  by  the  unborn 
animal  during  the  process  of  its  intra-uterine  development  is  of  the 
same  order  of  magnitude  for  all  mammals  except  man ,  and  its  mean 
value  is  2,480,  say  2,500  calories  per  kg.  If  we  add  to  this  the  calorific 
value  of  the  body  substance ,  which  is  about  1,500  calories  per  kg.,  we  get 
4,000  calories  as  the  number  representing  the  total  amount  of  heat 
required  to  build  up  1  kg.  body  weight  of  a  mammal  during  its  intra¬ 
uterine  life  (compared  with  about  4,800  calories  for  extra-uterine  life, 
see  p.  541).  This  is  called  by  Rubner  “  The  Fundamental  Law  of 
Energy  of  Intra-Uterine  Development 


The  Growth  Quotient  = 


1500  ,  .  oo  . 

=  about  38  per  cent. 

4000  1 
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Heat  Production  of  the  Human  Foetus. 

By  measuring  in  a  calorimeter  the  amount  of  heat  produced  by 
a  woman  before  and  after  the  termination  of  pregnancy,  one  can 
ascertain  the  amount  of  heat  production  due  to  the  foetal  activity. 

In  this  way,  Carpenter  and  Murlin 1  found  that  the  heat 
production  of  the  foetus  per  kilo  per  hour  was  approximately  2 \  times 
that  of  the  mother. 


Weight 
in  Kg. 

Cal.  per 
Hour. 

Cal.  per 
Sq.  Metre 
(Meeh. ). 

Cal.  per 

Kg. 

per  Hour. 

Case  1  — 

Before  parturition 

63*0 

60*7 

31*4 

0*96 

After  ,, 

51*4 

53*9 

31*7 

1*05 

Difference 

11*6 

6*8 

... 

Child  - 

2*7 

7*3 

30*5 

2-70 

Case  2 — 

Before  parturition 

58*0 

64-7 

35*1 

1*11 

After  ,, 

48*5 

59*0 

36*2 

1*21 

Difference 

9*5 

5-7 

,  ,  , 

•  •  • 

Child  - 

3*4 

9*8 

34*9 

2*88 

Case  3  — 

Before  parturition 

69*1 

70*6 

34*0 

T02 

After  ,, 

60*1 

60*4 

31*9 

TOO 

Difference 

9*0 

10*2 

•  •  • 

,  ,  , 

Child  - 

3*2 

9*3 

34*8 

2*90 

Average — 

Before  parturition 

63*4 

65*3 

33*4 

1*03 

After  ,, 

53*3 

57-8 

33*2 

1*09 

Difference 

10*1 

7*5 

... 

In  cases  1  and  3  the  metabolism  of  the  child  alone  —  as 
measured  by  the  number  of  calories  used  up  per  hour — was  almost 
exactly  the  same  as  the  difference  in  the  metabolism  of  the  mother 
before  and  after  parturition.  Allowing  for  the  loss  of  liquor  amnii, 
etc.,  which  takes  no  part  in  metabolism,  one  must  conclude  that  the 
heat  production  of  the  new-born  infant  averages  2*6  times  that  of 
the  mother  (per  kg.  per  hour). 

The  figures  of  Carpenter  and  Murlin  afford  an  interesting  illustration  of  Rubner’s 
law  of  skin  area,  according  to  which  the  amount  of  heat  given  off  by  any  animal 


1  Arch,  oj  Internal  Medicine ,  vii.,  1911,  184. 
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per  square  metre  of  skin  surface  is  a  constant  quantity.  Thus,  the  average  weight 
of  the  women  before  parturition  was  63  kg.,  and  the  average  production  of  heat  by 
them  was  33 '4  calories  per  sq.  metre.  After  parturition,  the  average  weight  was 
only  53  kg.,  and  the  heat  production  was  practically  the  same,  viz.,  33 ‘2  calories 
per  sq.  metre.  Again  the  average  production  of  heat  per  square  metre  by  the 
new-born  child  was  of  the  same  order  of  magnitude  as  that  of  the  mother,  although 
the  production  of  heat  by  kilo  body  weight  was  between  two  or  three  times 
as  great  in  the  infants  as  in  the  mother. 

Theoretical  Calculation  of  the  Heart’s  Heat  Production  in  the  Foetus. 

The  following  interesting  calculation  is  taken  from  Stewart’s 
“Physiology”  (Seventh  Edition,  p.  663). 

The  foetal  heart  beats  at  the  rate  of  140  per  minute.  The  blood 
pressure  in  the  umbilical  artery  of  the  mature  embryo  sheep  was 
found  by  Cohnstein  and  Zunz1  to  be  60-80  mm.  Hg,  but  at  the 
beginning  of  the  aorta  it  must  be  more. 

The  pressure  in  the  pulmonary  trunk  must  equal  that  in  the 
aorta  (since  pulmonary  respiration  does  not  yet  exist). 

Now,  suppose  the  embryo  to  contain  60  gm.  of  blood  per  kilo, 
and  that  the  whole  blood  passes  through  the  circulation  in  twenty 
seconds,  therefore  in  twenty-four  hours  the  amount  of  blood  that 
will  be  forced  through  the  heart  for  every  kilo  of  body  iveight  is 

60  gm.  x  x  60  x  24  =  259’2  kilos. 

As  this  amount  of  blood  is  pumped  against  a  pressure  of  not  less 
than  80  mm.  Hg,  which  is  equivalent  to  one  of  not  less  than,  say, 
1  metre  of  blood  (i.e.,  80  x  13*5  mm.,  the  specific  gravity  of  mercury 
being  about  13*5  that  of  blood),  we  therefore  have  the  amount  of 
work  done  by  the  foetal  heart  per  kilo  body  weight  per  twenty-four 
hours  =  259*2,  say  260  kg.  metres.  This  is  equivalent  to  0*6  calorie. 

Taking  the  total  heat  production  of  the  heart  at  three  times  the 
equivalent  of  its  mechanical  work  (on  the  assumption  that  it  converts 
one-third  of  its  energy  into  work)  we  get  1*8  calories  per  kilo  of  body 
weight  in  twenty-four  hours. 

As  the  total  heat  production  in  a  resting  adult  is  about  36  calories 
per  kilo  per  twenty-four  hours,  therefore  total  heat  production  of  the 
foetus  is  about  that  of  a  resting  adult. 


1  P finger's  Arch.,  xxxiv.,  1884,  pp.  173-233. 
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THE  NUTRITION  OF  THE  EMBRYO  AND 

FCETUS 

‘f  In  the  dark  womb  where  I  began, 

My  mother's  life  made  me  a  man  ; 

Through  all  the  months  of  human  birth 
Her  beauty  fed  my  common  earth  ; 

I  cannot  see,  nor  breathe,  nor  stir, 

But  through  the  death  of  some  of  her.  ” 

John  Masefield. 

We  have  seen  in  Chap.  II.  that  the  mammalian  ovum  is,  as  a 
rule,  very  small,  and  contains  but  a  minute  quantity  of  food  material 
for  the  developing  embryo.  It  is,  therefore,  necessary  to  consider 
how  such  an  ovum  gets  the  supply  of  nutriment  required  for  its 
growth  and  development. 

Wre  shall  start  with  the  ovum  inside  the  ovary. 

(a)  Nutrition  of  the  Ovarian  Ovum. 

The  way  the  ovum  obtains  its  nourishment  when  it  is  still  inside 
the  Graafian  follicle  has  not  yet  been  discovered  with  certainty. 
The  ovum,  as  it  lies  inside  the  follicle,  is  surrounded  by  a  double 
coat — an  internal  zona  pellucida  and  an  external  coi'ona  ?'adiata. 
Examination  with  the  highest  powers  of  the  microscope  shows  that 
the  zona  pellucida  contains  fine  striae  running  from  without  inwards, 
indicating  a  possibility  that  they  may  act  as  channels  by  which 
protoplasmic  processes  of  the  corona  radiata,  and  the  discus 
proligerus,  or  a  secretion  from  these  cells,  may  reach  the  ovum  and 
nourish  it.1 

(/;)  Nutrition  of  the  Fertilised  Ovum. 

The  ovum  is  fertilised,  as  a  rule,  in  the  outer  end  of  the  Fallopian 
tube.  Here  the  cells  of  the  corona  radiata  degenerate,  and  give 
rise  to  a  homogeneous  layer  of  albuminous  material,  which  serves  as 
food  during  the  stage  of  segmentation.  In  the  meantime  the 
segmenting  ovum  is  carried  into  the  uterus  by  the  ciliary  action  of 
the  cells  of  the  mucous  membrane  of  the  Fallopian  tube.  Inside  the 


1  Heape,  Quarterly  Journ.  Microsc.  Science ,  xxvi.,  1886. 
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uterus  the  ovum  becomes  attached  to  the  mucous  membrane  near 
the  fundus.  The  mucous  membrane  of  the  uterus  becomes  thickened 
into  the  decidua.  The  portion  of  the  decidua  to  which  the  egg 
becomes  attached  is  called  the  decidua  serotina  or  decidua  basalts , 
and  by  fusion  with  the  contiguous  chorionic  villi  ultimately  develops 
into  the  placenta  (Fig.  45).  Before  reaching  the  uterus,  however,  the 
ovum  has  formed  its  double  hood  of  membranes —  the  inner  amnion 
and  the  outer  chorion  with  chorionic  villi.  Some  of  the  ectodermal 


Decidua  serotina 
or  basalis. 


(From  Gray’s  “Anatomy.”) 
Fig.  45. 


cells  in  the  chorion  become  specialised  to  become  a  group  of 
trophoblastic  cells,  which  have  a  digestive  action  upon  the  cells 
of  the  decidua,  enabling  the  egg  to  bore  its  way  downwards  through 
the  superficial  cells  of  the  decidua,  and  become  attached  to  the 
latter.  This  process  of  attachment  of  the  ovum  to  the  decidua  is 
called  the  implantation  of  the  ovum.  It  is  of  interest  to  note  that 
the  implantation  of  the  ovum,  as  well  as  the  formation  of  the 
placenta,  depends  in  some  way  upon  the  activity  of  the  ovary  or  of 
the  Graafian  follicle  as  first  suggested  by  Gustav  Born.  Extirpation 
of  the  ovaries,  or  experimental  destruction  of  the  corpora  lutea 
shortly  after  the  beginning  of  pregnancy,  brings  pregnancy  to  an 
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end,  but  it  does  not  do  so  in  later  foetal  life.  Marshall  and  Jolly,1 
as  well  as  Frankel  and  Cohn,2  believe  that  the  corpus  luteum  gives 
off  an  internal  secretion  which  controls  the  processes  connected  with 
the  fixing  of  the  fertilised  ovum.  (See  Chap.  III.,  p.  45,  and  Chap. 
XXXIV.) 

The  implantation  of  the  ovum  occurs  towards  the  end  of  the 
first  week  of  pregnancy ;  according  to  Grosser,  not  until  at  least 
two  days  after  fruitful  coitus. 

H.  Peters  3  described  an  ovum  five  or  six  days  old,  in  which  the 
decidua  was  still  in  the  process  of  differentiation.  His  specimen 
showed  the  ovum  sunk  in  the  decidua,  but  was  not  yet  entirely 
surrounded  by  it.  Leopold  4  accidentally  discovered  a  seven  days’ 
human  ovum  in  a  uterus  removed  for  cancer  of  the  cervix.  In  that 
specimen  the  ovum  was  completely  enclosed  by  decidua  (decidua 
reflexa). 

Graf  Spee  has  shown  in  guinea-pigs  that  the  ovum  reaches  the 
uterus  during  the  seventh  day  after  connection,  while  still  in  the 
morula  stage,  when,  owing  to  the  viscidity  of  the  exterior,  it  becomes 
attached  to  the  free  surface  of  the  endometrium. 

(c)  Nutrition  through  the  Placenta. 

The  placenta  is  formed  by  the  fusion  of  the  decidua  basalis  with 
the  contiguous  portion  of  the  chorion  and  its  villi.  Harvey5  was  the 
first  to  recognise  that  the  placenta  was  an  organ  elaborating  from 
the  maternal  blood  the  food  which  is  required  for  the  growth  and 
development  of  the  foetus.  In  the  second  half  of  the  eighteenth 
century  John  Hunter  stated  that  maternal  blood  circulated  through 
the  placenta,  and  this  view  was  supported  by  the  subsequent 
dissection  of  injected  placentae,  both  by  John  Hunter  himself  and 
by  his  brother,  William  Hunter.  Mayow,  as  we  have  seen 
(Chap.  VIII.,  p.  118),  was  the  first  to  maintain,  in  1674,  that  the 
placenta  is  to  be  regarded  as  performing  the  function  of  a  foetal  lung. 
It  was,  however,  Girtanne  who,  in  1794,  first  stated  definitely  that  it 
was  oxygen  that  went  from  mother  to  foetus. 

Goodsir 6  was  the  first  to  refer  the  active  part  of  placental 
metabolism  to  the  cells  of  the  villi.  He  described  the  villi  as 
consisting  of  two  covering  layers  of  cells,  viz.,  an  external  secretory 
layer  which  separates  from  the  blood  of  the  mother  the  nourishment 

1  Phil .  Trans.,  B.,  vol.  cxcviii.,  1905. 

2  Anat.  Anz .,  vol.  xx.,  1901  ;  also  Frankel,  Arch.f.  Gyncik .,  vol.  Ex.  viii. ,  1903. 

3  “  Uber  die  Einbettung  des  Menschlichen  Eies,”  Leipzig  und  Wien,  1899. 

4  “Uterus  und  Kind,”  Leipzig,  1897. 

5  “The  Generation  of  Animals,”  London,  1657. 

6  “Anatomical  and  Pathological  Observations,”  Edinburgh,  1845. 
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required  by  the  foetus,  and  an  internal  absorbing  layer  which  takes 
up  or  absorbs  the  matter  secreted  by  the  agency  of  the  external  cells. 

The  importance  of  the  intervillous  space  was  first  recognised  by 
Weber  and  Reid. 

Langhans  1  showed  that  the  covering  of  the  villi  consisted  of  two 
layers,  a  deep  layer  of  mesoblastic  cells — Langhans’  layer,  and  a 
superficial  mass  of  “canalised  fibrin,”  which  he  regarded  as 
originating  from  the  foetal  epiblast.  Kastchenko 2  showed  that  the 
outer  layer  was  a  syncytium,  i.e.,  a  mass  of  nucleated  protoplasm 
without  cell  boundaries.  The  Langhans’  cells  disappear  com¬ 
paratively  early  in  pregnancy,  but  the  syncytium  is  more  permanent. 

Function  of  the  syncytium. 

It  is  believed  that  the  syncytium  is  the  layer  of  protoplasm 
essentially  concerned  in  the  maintenance  of  an  interchange  of 
material  between  the  mother  and  the  foetus.  The  passage  of 
diffusible  crystalloid  substances,  like  sugar,  salt,  etc.,  can  be  explained 
by  the  physical  laws  of  osmosis,  diffusion,  and  filtration,  but  that  of 
non-dififusible  colloid  materials,  like  fats  and  proteins,  cannot  be  so 
explained,  a  difficulty  which  belongs  to  every  organ  in  the  body. 

The  two  theories  which  have  been  proposed  for  the  mode  of 
transmission  of  colloids  are  the  following  : — 

(1)  Vital. — It  is  supposed  that  the  syncytium  exercises  a  selective 
action,  and  alters  the  non-diffusible  into  diffusible  substances,  thus 
rendering  them  transmissible  to  the  foetal  circulation. 

(2)  Phagocytic. — Rauber  suggested  that  maternal  leucocytes  carry 
nutriment  from  the  maternal  to  the  foetal  circulation.  In  proof  of 
his  theory  he  stated  that  umbilical  venous  blood  was  richer  in 
leucocytes  than  the  corresponding  arterial  blood.  Rauber’s  theory 
was  widely  accepted  until  Paterson  3  showed  it  to  be  untenable,  for 
in  three  cases  of  pregnancy  complicated  with  leucocythaemia  in  the 
mother,  he  found  the  infants  to  be  quite  normal  and  healthy,  and 
the  blood  was  normal  in  colour,  and  not  white  like  the  mother’s. 
Cameron  and  Sanger  afterwards  confirmed  Paterson’s  opinion.  The 
latter  counted  the  foetal  leucocytes  in  a  case  of  leukaemia  of 
pregnancy,  and  found  no  increase.4  Spire  and  Perrin  found  the 
foetal  blood  in  a  case  of  pernicious  anaemia  of  pregnancy  to  be 
practically  normal.5  These  observations  led  to  the  abandonment 
of  Rauber’s  theory.  Varaldo,  however,  found  the  blood  in  the 

1  Arch.  Anal.  unci  Physiol.,  Anat.  Abth.,  1877. 

2  Ibid. ,  1885. 

3  Edin.  Med.  Journ .,  1870. 

4  Arch./.  Gyndk.,  vol.  xxxiii. ,  1888. 

5  Bull,  de  la  Soc.  cC Obstetrique  et  de  Gynecol,  de  Paris,  No.  8,  Nov.  1912. 
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umbilical  vein  to  contain  on  an  average  400  more  leucocytes  per  c.c. 
than  that  in  the  umbilical  artery.1 

The  theory  which  is,  however,  accepted  at  the  present  time  is  the 
vital  or  selective  theory,  and  the  selective  action  of  the  syncytium  is 
believed  to  be  aided  by  a  special  ferment.  That  material  actually 
passes  from  the  maternal  to  the  foetal  circulation  is  a  necessary 
corollary  from  the  growth  of  the  foetus,  but  the  fact  has  also  been 
conclusively  demonstrated  by  experiment.  Madder  added  to  the 
food  of  the  mother  animal  colours  the  bones  of  the  foetus. 

Further,  salts  of  various  kinds,  such  as  iodide  of  potassium,  etc., 
sugar,  and  drugs,  which  do  not  normally  exist  in  the  foetus,  when 
injected  into  the  maternal  circulation,  may  afterwards  be  detected  in 
the  foetal  blood.  The  selective  action  of  the  placenta  is  also  seen  from 
the  fact  that  at  different  periods  of  pregnancy,  different  quantities  of 
iron,  calcium,  and  potassium  salts  pass  from  the  maternal  to  the 
foetal  blood. 

Nutrition  of  the  Foetus. 


The  following  table  gives  the  percentage  chemical  composition  of  the 
body  of  the  foetus  at  different  ages  (as  found  by  Fehling  2)  : — 


Age. 

Water. 

Ash. 

Fat. 

Protein. 

6  weeks 

97*54 

0*001 

4  months  - 

91*79 

0*98 

0*57 

4*87 

5 

90*70 

1*40  ■ 

0*48 

5*90 

6  „  - 

89*2 

1*94 

0*72 

6*67 

7  ■ 

82*6 

2*94 

3*47 

11*80 

8  - 

82*9 

2*82 

2*44 

10*40 

9  .,  (new-born  baby) 

74*7 

3*3 

8*  70 

12*6 

From  this  table  we  notice  the  interesting  fact  that  the  younger 
the  foetus  the  greater  is  the  percentage  of  water  it  contains,  but  that 
the  mineral  constituents  gradually  increase  from  0*001  per  cent,  at 
six  weeks  to  3*3  per  cent,  at  full  term,  and  that  a  similar  increase 
takes  place  in  the  fat  and  protein.  The  fact  that  there  is  a 
gradual  diminution  in  the  water  contents  of  the  foetal  body,  with 
a  progressive  increase  in  the  ash,  is  one  of  the  utmost  importance, 
because  the  greater  chemical  metabolic  changes  going  on  in  the 
foetal  body  are  due  to  the  higher  percentage  content  of  water,  which 
renders  the  processes  of  metabolism  easier.  The  table  also  shows 

J  Arch,  di  Osteir.,  vii. ,  1900 
2  Arch.f.  Gy  net k.,  ii. ,  1877. 
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that  the  fat  increases  from  0*57  per  cent,  at  the  fourth  month  to 
8*7  at  full  term. 

The  researches  of  L.  Hugounenq  give  a  clear  insight  into  the 
fixation  of  the  various  mineral  substances. 


Percentage  Composition  of  the  various  Mineral  Substances  in 

Foetuses  at  Different  Ages.1 : — 


Sex 

Age  (in  months)  - 

F. 

4-4* 

F. 

4*-5 

F. 

5-5| 

F. 

6 

F. 

64 

F. 

Term. 

M. 

Term. 

Weight  in  kgs. 

Ash  in  gms.  - 

0-522 

14-0020 

0-570 

14-7154 

0-800 

18-3752 

1-165 

30-7705 

1  -285 
32-9786 

2-720 

96-7556 

3*300 

106-163 

C00  per  cent.  - 

1-50 

0-96 

0-90 

0-32 

1-89 

1-16 

Cl  “  „ 

8-99 

9  91 

8-59 

7-75 

8-53 

4-26 

4-54 

P.A  „ 

34-74 

32-33 

34-36 

34-94 

35-39 

35-36 

36-26 

so3  „ 

1-46 

1-27 

1-80 

1-78 

1-46 

1-53 

1-23 

CaO  ,, 

32-60 

38-21 

32-50 

34-84 

34-13 

40-55 

40-68 

MgO 

1-74 

•  •  • 

1-58 

•  •  • 

1-17 

1-51 

... 

k2o  „ 

9-12 

1-21 

8-28 

7-21 

8-45 

6-20 

7-56 

Na00  ,, 

12-33 

13-75 

12-62 

10-62 

10-95 

8-12 

5-96 

Ee203  ,, 

0-43 

0-33 

0-40 

0-39 

0-38 

0-39 

0-40 

These  analyses  show  that  the  weight  of  salts  fixed  in  the  three 
last  months  of  pregnancy  is  about  twice  as  great  as  that  fixed  in  the 
first  six  months.  Thus  while  during  the  first  six  months  the  amount 
of  mineral  taken  up  by  the  foetus  was  approximately  31  gm.,  that 
taken  up  during  the  last  three  months  =  97  —31  =  65  gm.  The  same 
applies  to  the  fixation  of  iron,  for  which  the  amount  of  Fe203  in  the 


sixth  months’  foetus  was  about 


0-4  x  30-7705 
100 


0-1231  gm.,  the 


amount  at  term  = 


0-4  x  96*7556 

TOlT 


=  0'387  gm., 


and,  therefore,  the 


amount  fixed  during  the  last  three  months  =  0-387  -  0*123  =  0-264  gm., 
i.e.,  about  twice  as  much  as  that  fixed  during  the  whole  of  the  first 
six  months.  This  storing  up  of  iron  by  the  foetus  is  accompanied 
by  a  diminution  of  iron  in  the  body  of  the  mother.  This  has  been 
proved  to  be  the  case  in  the  guinea-pig  by  Charrin  and  Levaditti,2 
and  may  account  for  the  predisposition  of  the  mother  to  anaemia 
during  pregnancy.  The  storage  of  iron  in  the  foetus  possibly  makes 
up  for  the  lack  of  iron  in  the  mother’s  milk. 


1  L.  Hugounenq,  Journ.  de  Physiol,  et  de  pathol.  Gin.,  1899,  1. 

2  /hid.,  1899,  1,  772. 


NUTRITION  OF  EMBRYO  AND  FCETUS  131 


The  preponderance  of  Na20  over  K20  is  due  to  the  relative 
abundance  of  cartilage.  Lime  increases  greatly  during  the  last 
month,  whilst  P2Os  increases  at  a  smaller  rate  than  the  CaO. 
Hence  it  is  evident  that  the  foetus  does  not  assimilate  all  the 
Ca3(P04)2  in  that  form,  but  that  it  fixes  first  the  P205  (as  nuclein 
and  lecithin)  and  then  the  lime.  The  great  increase  in  CaO  is  due 
to  bone  formation,  and  the  increase  of  K20  in  the  last  weeks  is  due 
to  the  development  of  red  blood  corpuscles  and  striated  muscle. 
The  other  mineral  constituents,  whilst  they  increase  in  absolute 
amounts,  remain  practically  constant  in  their  percentage  com¬ 
position. 

Nitrogen  or  Protein  Metabolism  in  the  Embryo. 

We  have  so  far  seen  that  the  energy  of  development  is,  in  the 
case  of  birds,  derived  from  fat,  and  in  the  case  of  mammals, 
from  glycogen.  Observations  made  on  fishes 1  and  reptiles 2  have 
shown  that  in  the  case  of  these  animals,  it  is  the  carbohydrate 
which  is  used  up  in  the  process  of  development.  No  conclusive 
evidence  exists  that  proteins  are  ever  made  use  of  for  this  purpose. 
It  is  true  that  Liebermann  found  a  loss  of  nitrogen  in  the  hen’s  egg 
during  incubation,  but  this  loss  is  probably  due  to  the  egg  membrane 
which  is  left  behind  when  the  chicken  is  hatched,  and  which  Lieber¬ 
mann  did  not  include  in  his  analyses.3 

Source  of  the  Material  used  by  the  Unborn  Infant  in  the  Process 

of  Development. 

An  important  question  from  our  point  of  view  is  :  Does  the  mother 
build  up  the  infantile  organism  exclusively  from  the  material  which 
she  derives  from  the  food ,  or  does  she  supply  the  child  matei'ial  from 
her  own  tissues  l 

Hagemann 4  and  Jagernoos,5  experimenting  on  bitches,  and 
Ver  Eeke,6  experimenting  on  rabbits,  have  attempted  to  solve  this 
problem  in  mammals.  They  estimated  the  amount  of  nitrogen 
ingested  with  the  food  during  pregnancy,  as  well  as  that  excreted 
in  the  urine,  fseces,  hair,  etc.  The  difference  gives  the  amount  of 
nitrogen  (if  any)  retained  in  the  body  of  the  pregnant  animal.  Call 
this  amount  A.  Then  immediately  after  birth  the  amount  of  N0 

1  Tangel  and  Farkas,  PfiugePs  Arch.,  civ.,  1907. 

2  Bohr,  Skand.  Arch.f.  Phys.,  10,  1900. 

3  See  Hasselbach,  Skand.  Arch.f.  Phys.,  10,  1900. 

4  Arch.  f.  Anat.  u.  Phys.  Physiol.  Abth.,  1890. 

5  Arch.  Gynak.,  67,  1903. 

6  “  Lois  des  echanges  nutritifs  pendant  la  Gestation,”  Bruxelles,  1901. 
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stored  up  in  the  new-born  animal,  as  well  as  that  in  the  placenta, 
liquor  amnii,  and  in  the  blood  lost  during  labour  was  ascertained. 
Call  this  amount  B.  Then  if  B>  A  we  must  assume  that  the  foetus 
derives  at  least  part  of  its  nitrogen  from  the  tissues  of  the  mother. 
The  following  table  gives  Ver  Eeke’s  results: — 


Rabbit. 

Nitrogen  Loss  or  Gain 
in  Grams. 

Nitrogen 

Balance. 

Remarks. 

In  Urine  and 
Faeces  during 
Pregnancy. 

At  Birth 
through 
Foetus,  Etc. 

1 

10-57 

-6-67 

3-9 

N  gained  by  mother. 

2 

5-47 

-5-06 

0-4 

N  equilibrium  in  mother. 

Q 

O 

4-11 

-9-89 

-5-8  ) 

N  loss  by  mother  is  less 

4 

0-36 

-5-97 

-5  6  j 

than  N  contents  of  foetus. 

5 

-6-3 

-7-5 

-13-8 

Marked  N  loss  by  mother. 

From  this  table  we  see  that  different  conditions  may  occur,  i.e., 
that  the  foetus  may  build  up  its  tissues  entirely  from  the  maternal 
food  (A  -  B  —  +  ve  in  rabbits  1  and  2),  or  from  the  mother’s  tissues, 
some  of  which  must  have  been  used  up  to  supply  the  foetus 
(A  —  B=  —  ve  in  rabbits  3  to  5). 

Bar  and  Dauney,1  working  on  pregnant  bitches,  found  that  with 
a  sufficient  diet  of  bread,  fat,  beef,  salts,  and  water,  there  was  no  loss 
of  protein  from  the  mother  to  the  foetus.  They  have  also  found  an 
average  retention  of  6-54  gm.  of  nitrogen  per  diem  in  three  human 
primaparae  during  a  period  of  eleven  days  of  the  last  month  of 
pregnancy. 

The  view  that  is  held  by  different  investigators  is  that,  for  a 
considerable  period  after  the  onset  of  pregnancy,  a  loss  of  nitrogenous 
material  by  the  mother  takes  place,  but  that  the  loss  is  then  replaced 
by  a  gain,  which  continues  till  the  end  of  pregnancy.  This  was 
found  by  Murlin2  to  be  the  case  in  the  pregnant  bitch.  In  the  case 
of  woman,  Zacharjewsky 3  invariably  found  a  positive  nitrogen 
balance  in  the  last  few  weeks  of  pregnancy,  showing  that  protein 
tissue  was  being  constructed  within  the  organism.  The  same 
result  was  obtained  by  Slemons.4 

1  Journ.  de  Phys.  et  Pathol . ,  vii.,  1905. 

2  Amer.  / ourn .  of  Phys.,  xxiii.,  1908. 

3  Zeitschr.f.  Biol.,  xxx. ,  1894. 

4  Johns  Hopkins  Hospital  Reports,  xii.,  1904,  121. 
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Hoffstrom  1  studied  the  retention  of  various  mineral  constituents 
by  the  human  foetus  during  the  last  twenty-three  weeks  of  pregnancy. 
He  gives  the  following  table: — 


Week 
of  Preg¬ 
nancy. 

N. 

P. 

Ca. 

Mg. 

Content 

of 

Ovum. 

Added 

per 

Week. 

Content 

of 

Ovum. 

Added 

per 

Week. 

Content 

of 

Ovum. 

Added 

per 

Week. 

Content 

of 

Ovum. 

Added 

per 

W  eek . 

16 

4-28 

M3 

0-67 

0-20 

0-38 

0-41 

0-026 

0-017 

20 

8*81 

1-47 

2-03 

0-095 

... 

21 

... 

1-81 

•  .  • 

0-25 

... 

0-43 

•  •  • 

0-017 

28 

23-28 

3-58 

5  39 

... 

0-234 

... 

29 

... 

6-87 

... 

1-28 

... 

2-09 

... 

0-064 

40 

105-76 

6-87 

18-93 

1-28 

30-51 

2-09 

1  -004 

0-064 

From  this  table  it  is  clear  that  during  the  last  few  weeks  of 
pregnancy,  a  diet  rich  in  calcium  (such  as  cows’  milk)  is  indicated, 
or  there  may  be  a  withdrawal  of  Ca  from  the  mother’s  bones. 
(Compare  Osteo-Malacia  of  pregnancy.) 

Rubner  and  Langstein 2  studied  the  retention  of  the  material  in 
the  foetus  by  investigating  the  metabolism  of  two  prematurely  born 
infants.  One  of  them  was  a  seven  months’  infant,  and  weighed 
2,050  gm.  On  the  eighth  day,  its  weight  was  1,900  gm.,  and  after 
that  it  began  to  gain  on  the  average  28  gm.  a  day.  On  the  twenty- 
seventh  day  it  weighed  2,360  gm.,  when  respiration  experiments 
began.  During  the  next  eleven  days,  with  an  average  daily  gain 
of  39  gm.,  the  infant  received  T04  gm.  of  nitrogen  a  day  in  the  milk, 
and  retained  0-52  gm.,  or  50  per  cent.  At  this  period,  which  would 
have  corresponded  to  the  beginning  of  the  eighth  month  of 
pregnancy,  the  addition  of  protein  to  the  child  amounted  to  only  a 
half  of  that  computed  by  Hoffstrom  for  the  foetus  of  the  same  age. 
The  diet  contained  126  calories  per  kilo  body  weight,  of  which 
73  were  used  for  heat  production  (973  calories  per  sq.  metre  per 
day),  and  53  were  deposited  in  the  growing  infant.  Altogether, 
42  per  cent,  of  the  calories  taken  in  with  the  food  were  retained  for 
growth.  This  is  a  remarkably  large  amount.  (See  Growth 
Quotient,  p.  541.)  The  growth  impulse  of  the  foetus  was  therefore 
great. 

1  Skand.  Arch.  f.  Physiol.,  xxiii.,  1910,  3‘26. 

2  Arch.f.  Physiol.,  1915,  p.  39. 
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How  does  the  Protein  pass  from  the  Mother  to  the  Foetus  ? 

It  is  generally  believed  that  substances  like  proteins  and  other 
colloids  which  have  large  molecules,  cannot  pass  through  the 
placenta  without  their  first  being  changed  into  substances  of  smaller 
molecules  which  are  capable  of  diffusion. 

This  belief  is,  however,  unfounded.  It  has  been  shown  by 
Lochhead1  that  haemoglobin,  which  is  a  colloid,  can  pass  through 
unchanged  from  the  maternal  to  the  foetal  blood,  whilst  the  smaller 
molecules  of  albumoses  and  peptones  are  not  found  in  the  fresh 
placenta. 

Ascoli 2  has  further  shown,  by  means  of  the  precipitin  test,  that 
egg  albumen  injected  into  the  mother  passes  unchanged  to  the 
foetus.  There  is,  therefore,  no  evidence  that  proteins  are  digested  in 
the  placenta  before  their  absorption.  Indeed,  Lochhead  3  failed  to 
discover  a  proteolytic  ferment  in  the  fresh  placenta.  (Compare  p.  1 38.) 

The  Amount  of  Protein,  Fat,  and  Salts  daily  Required  by  the  Foetus. 

Michel4  and  Magnus  Levy5  calculated  the  average  amount  of 
protein,  fat,  and  salts  daily  deposited  in  the  human  foetus  during  the 
last  stage  of  pregnancy.  The  method  of  calculation  will  be  sufficiently 
clear  from  the  following  table,  modified  from  Magnus  Levy : — 


Weight  in 
Grams. 

Dry 

Weight  in 
Grams. 

Nitrogen 

Contents. 

Fat. 

Ash. 

Average  weight  of 

950 

155 

15 

25 

25 

7  months’  foetus 

Average  weight  of 

3-200 

950 

65 

350 

•j 

100 

fully-grown  foetus 

Addition  in  about 

2-250 

795 

50 

325 

75 

100  days 

Average  per  day 

22-50 

7-95 

0.5 

3-25 

0-75 

From  this  we  see  that  about  0*5  gm.  of  nitrogen  is  daily  digested 
in  the  foetal  tissues.  This  would  correspond  to  approximately 
3  gm.  of  protein.  Michel  estimates  the  daily  deposit  of  nitrogen  in 
the  foetus  as  approximately  1  gm.  corresponding  to  6  gm.  of  protein. 

1  Trans.  Obst.  Soc.  Edin.,  vol.  xxxiii.,  1907-8. 

2  Zeitsch.  f  Physiol.  Chem .,  vol.  xxxvi. ,  1902. 

3  Loc.  cit. 

4  Compt.  Rend.  Biol.,  vol.  li. 

5  See  Von  Noorden,  “Metabolism  and  Practical  Medicine,”  vol.  1., 
London,  1907,  377. 
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Even  such  an  amount  is  inconsiderable,  showing  that  the  increased 
food  requirements  of  the  mother  during  pregnancy,  for  the  purposes 
of  the  growth  of  her  unborn  infant,  is  not  nearly  so  great  as  is 
popularly  supposed.  We  further  notice  that  an  average  of  about 
8  gm.  of  fat,  and  of  about  0-75  gm.  of  salts,  are  deposited  in  the 
foetus  every  day.  The  individual  mineral  substances  have  not  yet 
been  fully  investigated. 

How  does  Fat  get  Absorbed  by  the  Placenta  ? 

Apfelstedt  and  Aschoff,1  who  were  the  first  to  discover  fat  in  the 
human  placenta,  found  it  during  the  second  month  of  pregnancy  in 
the  syncytium  and  Langhan’s  layer,  and  in  the  decidual  cells  near 
the  villi.  Fat  is,  however,  absent  in  the  more  superficial  parts  of 
the  syncytium,  and  the  inference  has  therefore  been  drawn  by 
Hofbauer2  that  the  fat  in  the  maternal  blood  splits  up  into  fatty  acid 
and  glycerine,  which  are  absorbed  and  then  re-synthesised  by  the 
foetal  placenta. 

Origin  of  Foetal  Fat. 

According  to  Thiemich,3  the  foetal  fat  is  not  derived  from  the 
fat  ingested  by  the  mother.  He  fed  a  dog  in  two  successive 
pregnancies  on  widely  different  fats,  such  as  palmitin  and  linseed  oil, 
but  the  foetal  fat  had  the  same  constitution  in  each  case. 

On  the  other  hand,  Hofbauer4  found  considerable  quantities  of 
laurinic  acid  in  the  guinea-pig  foetuses,  whose  mothers  were  fed  on 
coco-nut  oil  (which  consists  mostly  of  triglycerides  of  laurinic  and 
myristinic  acids),  thus  showing  that  at  least  one  of  the  fatty  acids  of 
the  fat  ingested  by  the  mother  has  been  transmitted  across  the 
placenta. 

Function  of  Fat  in  the  Placenta. 

The  fat  is  widely  distributed  in  the  foetus,  and  is  found  in  an 
amount  at  least  equal  to  that  of  glycogen.  It  is,  however,  not  clear 
what  its  function  may  be.  We  have  already  seen  that  the  respiratory 
quotient  of  the  mammalian  foetus  is  1,  showing  that  the  energy  of 
development  originates  from  combustion  of  carbohydrates,  and  not 
of  fats.  But  Guillot,  from  an  analysis  of  lungs  of  foetuses  that  were 
stillborn,  and  of  those  that  breathed  for  several  hours,  found  that, 
while  in  the  former  there  was  12  per  cent,  of  fat,  there  was  only 

1  “  Uber  bosartige  Tumoren  der  Chorionzotten,”  Arch.  f.  Gyndk. ,  1896. 

2  “  Biologie  der  Menschlichen  Plazenta,”  Leipzig,  1905. 

3  “  Uber  die  Herkunft  des  Fotalen  Fettes,”  Centralb.  f.  Phys.,  xii.,  1898. 

4  Op.  cit. 
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6  per  cent,  of  fat  in  the  latter,  showing  that  the  fat  became  a  source 
of  energy  immediately  after  birth.1 

The  Amount  of  Carbohydrate  daily  Required  by  the  Foetus. 

Experiments  on  rabbits  have  shown  that,  in  the  second  half  of 
pregnancy,  0*2  gm.  of  glycogen  per  foetus  was  deposited  during  the 
ten  days’  interval,  between  the  eighteenth  and  twenty-eighth  day  of 
pregnancy,  giving  an  average  daily  deposit  of  0  02  gm.  of  glycogen 
per  foetus. 

Bohr’s  observations  of  the  respiratory  exchanges  in  the  rabbit 
(see  p.  118)  led  to  the  following  results  . — 

Oxygen  consumption  by  foetus,  weighing  30  gm.  =  0*14  c.c.  min. 
But  from  equation  C6H]0O5  +  602  =  6C0.2  +  6H20  , 

162  gm.  6  x  22*4  litres, 

we  see  that  162  gm.  of  glycogen  require  6  x  22-4  litres  of  oxygen 
for  oxidation. 

16°  27 

x — ^W-rOr  — — -  gm.  of  glycogen  require  1  litre  of  0.,. 

6  x  22-4  2^-4  n  &  J  & 


27  x  0-14 
22r4x  1000 


or  0-000162  gm.  of  glycogen  require  0  14  c.c.  of  0.,. 


0-000162  gm.  per  minute  is  equivalent  to  0*225  gm.  of  glycogen 
a  day.  But  we  have  seen  that  the  average  daily  deposit  of 
glycogen  =  0-02  gm. 

Therefore,  minimum  total  daily  requirement  of  glycogen  by  the 
foetus  =  0-02  +  0'225  —  0*245  gm. 


Source  of  Foetal  Salts. 


The  iron  is  derived  in  part  from  maternal  haemoglobin.  Peters2 
found  evidence  of  the  presence  of  red  blood  corpuscles  in  the 
trophoblast  of  the  early  human  ovum.  Other  possible  sources  are 
nucleo-protein  and  the  reserve  iron  of  the  mother.  Charrin  3  found 
that  during  pregnancy  there  is  a  gradual  diminution  of  iron  in  the 
mother’s  spleen. 

The  iron  in  the  foetus  is  stored  in  the  liver,  but  also  in  other 
foetal  organs.  It  diminishes  rapidly  after  birth,  and  Bunge4  believes 
that  this  reserve  of  iron  compensates  for  the  deficiency  of  iron  in 
the  milk.  The  liver  of  a  rabbit  contains  18  mg.  of  iron  per  100  gm. 
body  weight  at  birth,  but  it  contains  only  3  2  mg.  one  day  later. 

The  Calcium  is  probably  derived  from  the  maternal  tissues. 

1  See  Marshall,  op.  cit . ,  513. 

2  Quoted  by  Marshal],  op.  cit  ,  p.  479. 

“  Physiologie  pathologique  de  la  Grossesse."  Comp.  Rendu  Soc.  dc  Biol., 

1899. 

4  “  Untersuchungen  iiber  die  Aufnahme  des  Eisens  in  den  Organismusdes 
Sanglings,”  Zeitschr.  f.  Phys.  Chem.,  xvi.  and  xviii. ,  3. 
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Thus  the  teeth  often  become  carious  in  pregnancy  as  a  result  of 
loss  of  calcium  fluoride,1  and  the  bones  occasionally  become  soft 
(osteo-malacia).  The  indication  for  treatment  of  such  cases  seems 
to  be  administration  of  calcium  either  in  the  food  or  as  medicine 
(e.g.,  lime  water). 

Phosphates  and  Sulphates. — These  are  probably  derived  from 
the  protein  ingested  by  the  mother.  Ver  Eeke  and  Schrader  found 
that  the  excretion  of  phosphoric  acid  by  the  pregnant  mother  ran 
parallel  to  that  of  nitrogen,  and  Schrader  found  the  same  to  be  the 
case  with  the  sulphates. 

Analysis  of  the  Placenta. 

Sfameni  -1  gives  the  following  table,  comparing  the  composition 
of  the  placenta  with  that  of  the  foetal  blood. 


Placenta. 

Foetal  Blood. 

Water  - 

83-67 

78-52 

Solids  - 

16-32 

21-47 

Organic 

15-45 

20-72 

Inorganic 

0-86 

0-74 

Soluble  salts  - 

0-73 

0-62 

Insoluble  salts 

0-13 

0-12 

From  this  we  see  that  the  placenta  contains  a  large  percentage  of 
water. 

Grandis 3  analysed  the  ashes  of  the  placenta,  and  gives  the 
following  table  : — 


Placental 

Ashes. 

Albuminous 
Ashes  from 
Unirrigated 
Placenta. 

Albuminous 
Ashes  from 
Irrigated 
Placenta. 

Cl  - 

11-4 

S  - 

0-204 

... 

... 

Na  - 

24-93 

0-257 

0-728 

K  - 

6-57 

•  •  • 

... 

po4 

33-46 

55-18 

14-5 

CaO 

2-32 

1  Terrier,  “  De  l'lnfluence  la  Grossesse  sur  les  Dents,”  These  de  Paris ,  1899. 

2  Ann .  di  Oste /. ,  xxi.,  1899,  851  ;  and  xxii.,  1900,  1009. 

:1  Arch.  ital.  de  biol.,  xxxiii.,  1900,  429,  439. 
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This  table  shows  (1)  that  placental  ashes  contain  a  large  amount 
of  phosphates,  which  can  in  large  part  be  extracted  with  water. 
(2)  The  large  amount  of  lime.  These  lime  salts  are  found  as 
concretions  on  the  maternal  surface  of  the  placenta,  and  such 
concretions  when  present  do  not  in  any  way  interfere  with  the  growth 
of  the  foetus.  (3)  The  great  excess  of  soda  over  potash  (in  the 

proportion  of  about  4  :  1). 

* 

Lipoids  in  the  Placenta. 

Bienenfeld  1  found  that  in  the  early  stages  of  pregnancy  lipoids 
were  present  in  large  quantities,  but  the  amount  diminished  as  the 
pregnancy  proceeded.  In  cases  of  eclampsia  the  lipoid  content  was 
high. 

JSTucleo-Proteins,  Glycogen  and  Ferments. 

Cramer  and  Lochhead 2  analysed  the  placenta  of  sheep  and 
rabbits,  in  which  animals  it  is  easy  to  separate  the  foetal  from  the 
maternal  portion. 

Their  analyses  show  that: — 

1.  In  the  case  of  sheep  there  was  a  difference  in  the  nucleo- 
proteins  in  the  two  parts. 

2.  Peptic  and  tryptic  ferments  were  absent,  but  erepsin  (see 
Chap.  XIII.,  p.  184)  was  present  in  both  parts  of  the  sheep’s 
placenta. 

3.  In  rabbits,  glycogen  was  present  in  the  maternal,  but  hardly 
at  all  in  the  foetal  part. 

4.  Both  in  sheep  and  in  rabbits,  glycogen  and  starch-splitting 
ferments  were  present  in  both  the  maternal  and  foetal  parts. 

The  presence  of  ferments  supports  the  theory  that  the  placenta 
acts  as  a  vital  organ  and  not  as  a  mere  filter.  On  the  other  hand, 
R.  T.  Frank3  believes  that  a  large  amount  of  the  ferments  found 
in  the  placenta  come  from  the  blood  contained  in  it. 

Role  of  the  Liquor  Amnii  in  the  Nutrition  of  the  Foetus. 

The  role  that  the  liquor  amnii  plays  in  protecting  the  foetus 
from  injuries  and  changes  of  temperature,  as  well  as  affording  the 
foetus  freedom  of  movements,  and  acting  as  a  dilating  wedge  during 
the  process  of  parturition,  is,  of  course,  well  known  to  every  accoucheur. 
What  concerns  us  here  is  the  question  whether  the  liquor  amnii 
also  plays  any  part  in  the  nutrition  of  the  unborn  infant. 

1  Biochem.  Zeitschr . ,  xliii.,  1912,  295. 

2  Proc.  Physiol.  Soc.  Lond.,  1906,  p.  xxiv. 

Surg.  GyncBC.  and  Obstet .,  xv. ,  19.12,  558 
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The  following  illustrations  afford  evidence  of  the  nature  of  the 
function  performed  by  this  liquid  :  — 

(a)  The  presence  within  the  liquor  amnii  of  products  of  renal 
activity — such  as  urea  and  creatinin — as  well  as  of  vernix  caseosa, 
show  that  this  fluid  receives  excretions  from  the  fcetal  kidneys 
and  skin. 

(b)  Gusserow  has  shown  that  when  benzoic  acid  is  administered 
to  a  pregnant  animal,  hippuric  acid  is  afterwards  found  in  the 
liquor  amnii,  again  proving  the  same  thing. 

That  the  liquor  amnii  also  supplies  water  to  the  foetus  is  proved 
from  the  following  facts. 

(c)  Hair,  vernix  caseosa,  and  epidermal  cells  are  found  in  the 
meconium,  proving  that  the  foetus  swallowed  some  amniotic  fluid. 
Indeed,  it  is  certain  that  the  fluid  is  the  chief  source  of  supply  of 
water  to  the  foetus.  It  is  true  that  some  water  passes  from  the 
mother  to  the  foetus  through  the  placenta,  but  the  amount  so 
transferred  must  be  very  limited  since  the  percentage  of  water  in 
the  foetal  tissues  is  greater  than  that  in  the  umbilical  veins,  showing 
that  the  blood  is  not  the  only  source  of  the  water  in  the  foetal 
tissues. 

It  is,  however,  certain  that  as  far  as  the  supply  of  actual  nourish¬ 
ment — other  than  water — to  the  foetus  is  concerned,  the  liquor  amnii 
plays  no  part  whatever,  and  that  it  is  the  placenta  and  the  placenta 
alone  which  is  concerned  with  foetal  metabolism  as  we  have  already 
seen  (p.  127  et  seq.).  Thus  a  well-nourished  foetus  may  be  found 
with  almost  entire  absence  of  liquor  amnii,  while  occasionally  well- 
nourished  foetuses  are  born  in  whom  the  lumen  of  the  oesophagus 
is  entirely  occluded  (imperforate  oesophagus) — preventing  it  from 
swallowing  the  liquid. 

Properties  of  Liquor  Amnii. 

Reaction— faintly  alkaline  or  neutral. 

Freezing  point — slightly  higher  than  that  of  maternal  blood  (A  — 0‘56). 
Therefore  the  fluid  is  destined  to  be  absorbed. 

Chemical  composition  (Prochownick) 1 — 

Specific  gravity  =  1006  '2  to  1081 '5 

Albumen  -  -  -  -  6 '81  per  cent,  to  8 '20  per  cent. 

Fats  -----  0'20  „  1'22  „ 

Inorganic  substances  -  -  5 '50  ,,  6 '27  ,, 

Water  ....  985*30  „  986 '62  ,, 

Bondi2  found  pepsin,  a  diastatic  ferment,  a  fat-splitting  ferment,  and  a  fibrin¬ 
like  ferment.  Prochownick  found  traces  of  urea. 


1  ArchJ .  Gynak.,  vol.  xi. 

2  Centralbl.  f  Gynak.,  1903. 
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Source  of  the  Liquor  Amnii. 

The  question  as  to  whether  the  liquor  amnii  is  foetal  or 
maternal  in  origin  is  not  quite  settled.  The  following  are  the 
arguments  in  favour  of  each  view  : — 

(a)  Foetal  Origin. 

1.  Urea  present. 

2.  In  foetal  heart  disease  there  is  hydramnios. 

(l>)  Mater?ial  Origin. 

1.  Certain  drugs  like  potassium  iodide  given  to  the  mother  appear 
in  the  liquor  amnii,  but  do  not  appear  in  the  foetal  urine. 

2.  When  the  mother  suffers  from  diabetes,  sugar  is  found  in  the 
liquor  amnii. 

3.  When  the  mother  suffers  from  heart  disease  there  is 
hydramnios. 

4.  Methylene  blue  administered  to  the  mother  before  labour  is 
excreted  by  the  new-born  infant  in  the  urine  for  several  days  after 
birth,  but  the  liquor  amnii  is  not  blue,  showing  that  the  fluid  does 
not  come  from  the  renal  secretion  of  the  foetus.  Similarly  when 
phloridzin  is  injected  into  the  mother,  sugar  appears  in  the  foetal 
urine,  but  not  in  the  liquor  amnii.  Further,  injection  of  sodium 
sulphoindigotate  into  the  jugular  vein  of  a  pregnant  rabbit  near  term 
is  found  in  the  liquor  amnii,  but  neither  the  foetal  tissues  nor  the 
urine  in  the  foetal  bladder  shows  any  trace  of  the  dye  (Zuntz1  and 
Wiener  2). 

5.  Cohnstein  and  Zuntz3  have  found  that  the  arterial  pressure  in 
the  foetal  kidneys  is  too  low  even  for  the  production  of  urine.  They 
found  that  the  foetal  arterial  blood  pressure  in  the  earlier  months 
was  51 T  mm.,  whilst  the  venous  pressure  was  14*2  mm.,  giving 
a  difference  of  36 '9  mm.  only,  whilst  in  the  adult  sheep  the  difference 
is  100  mm.  Hence,  if  the  same  holds  good  for  the  human  foetus, 
it  would  seem  that  urinary  secretion  is  not  possible  in  the  earlier 
months.  It  is,  however,  to  be  noted  that  Nussbaum’s  experiments 
have  shown  that  secretion  of  urine  is  independent  of  difference  of 
pressure,  but  that  it  is,  on  the  contrary,  due  to  the  activity  of  the 
epithelial  cells.  (See  further,  Chap.  XI.,  p.  156.) 

1  PfI tiger  s  Arch.,  xvi. ,  1878,  548. 

2  Arch.  f.  Gynak. ,  xvii.,  1881,  p.  24-49. 

3  PJlugers  Arch.,  xxiv.,  pp.  173-233. 
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FCETAL  RESPIRATION 

“  The  maternal  blood  which  flows  into  the  cotyledons  and  enriches  the  papillae 
communicates  by  them  to  the  blood  of  the  foetus  the  air  Avherewith  itself  is 
impregnate.'1  Ray.1 

We  have  seen  (p.  118,  Chap.  VIII.)  that  Mayow,  as  early  as  1674, 
regarded  the  placenta  as  a  lung  for  the  foetus,  and  that  this  view  was 
adopted  and  extended  by  Hulse  and  Ray.  The  latter  compared  the 
placental  villi  to  the  gills  of  a  fish.  P.  Scheel,  in  1798,  and  Jeffrey 
and  Bostock  found  the  blood  in  the  umbilical  vein  to  be  brighter 
than  that  in  the  umbilical  artery.  It  is,  however,  remarkable  that 
this  correct  observation  was  denied  by  Johannes  Muller,  the  Father 
of  Modern  Physiology,  and  it  was  not  till  as  late  as  1876  when 
Zweifel2  showed  that  the  spectrum  of  oxyhaemoglobin  could  be  seen 
in  the  umbilical  cord  before  the  child  breathed  through  its  lungs, 
that  it  was  universally  recognised  that  the  umbilical  veins  carried 
oxygen  from  the  placenta  to  the  foetal  circulation. 

Zweifel  also  showed  that  in  the  foetal  rabbit  the  umbilical  venous 
blood  was  brighter  than  that  of  the  umbilical  arteries ;  and  that 
during  asphyxia  of  the  mother  the  difference  in  colour  disappears, 
because  the  mother  absorbed  oxygen  from  the  foetal  blood,  and  that 
artificial  respiration  performed  on  the  mother  restores  the  difference 
in  colour  between  the  umbilical  venous  and  arterial  bloods. 

The  Physiological  Anatomy  of  the  Foetal  Lungs  and  Thorax. 

The  lungs  of  the  foetus  are  in  a  state  of  atelectasis,  /.<?.,  the  alveoli 
are  not  inflated  with  air.  For  this  reason,  a  piece  of  foetal  lung,  or 
of  the  lung  of  an  infant  that  has  never  breathed,  will  sink  in  water. 
After  the  first  breath,  however,  the  alveoli  become  filled  with  air,  and 
a  piece  of  lung  when  thrown  into  water  will  float.  This  hydrostatic 
test  affords  a  ready  medico-legal  means  for  telling  whether  a  dead 
new-born  infant  had  breathed  or  not. 

The  reason  that  the  opening  of  the  thorax,  with  the  consequent 
retraction  of  the  lungs,  does  not  result  in  the  expulsion  of  all  the 

1  “  The  Wisdom  of  God  in  Creation,”  1759. 

2  “  Respiration  des  Fotus,”  Arch.  f.  Gyncik. ,  ix.,  1876,  291-305. 
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alveolar  air  is  because  the  capillary  bronchioles  contain  no 
cartilaginous  platelets  (such  as  give  a  certain  amount  of  rigidity  to 
the  larger  bronchi),  and  they  therefore  collapse  and  prevent  the 
escape  of  the  alveolar  air. 

The  unventilated  foetal  lungs  are  comparatively  less  extensive, 
and  do  not  cover  the  heart ;  they  are  in  perfect  elastic  equilibrium 
with  the  cavity  of  the  thorax  in  which  they  are  enclosed,  and  which 
they  fill  both  in  volume  and  in  shape,  and  hence  do  not  retract 
on  opening  the  thorax.  A  mercury  or  water  manometer  connected 
with  the  trachea,  will,  therefore,  show  no  movement  on  opening  the 
thorax.  During  extra-uterine  life  the  growth  of  the  thorax  is  more 
rapid  than  that  of  the  lungs,  and  the  latter  are,  therefore,  thrown 
into  a  state  of  elastic  tension,  varying  in  degree  with  the  difference 
between  the  capacity  of  the  thorax  and  the  volume  of  the  lungs. 

The  Histology  of  the  Fcetal  Lungs. 

Geltowski 1  has  shown  that  the  amount  of  connective  tissue 
between  the  infundibula  is  greater,  and  that  the  lines  of  separation 
between  the  latter  are  more  distinctly  marked.  In  foetuses  between 
five  and  six  months’  intra-uterine  life  the  elastic  tissue  of  the  lungs 
is  insufficiently  developed.  The  alveoli  of  the  lungs  of  foetuses  or 
of  stillborn  infants  are  lined  with  cubical  instead  of  the  pavement 
epithelium  found  in  the  case  of  adults,  or  of  infants  that  have 
breathed. 

The  transition  from  one  form  of  epithelium  into  another  takes 
place  gradually  during  the  last  months  of  intra-uterine  life,  when, 
as  De  la  Croix  has  shown,  the  cubical  cells  gradually  become  flatter 
and  flatter.2  The  final  flattening  out  occurs  as  the  result  of  the 
expansion  of  the  alveoli  during  the  process  of  breathing,  and  hence 
the  rate  of  transformation  depends  on  the  force  of  alveolar  expansion. 
Therefore,  in  premature  or  weakly  infants  that  have  lived  for  a  few 
days,  the  two  forms  of  epithelium  may  be  found  side  by  side. 

Nature  of  Foetal  Apncea. 

A  question  of  some  interest  is,  Why  does  not  the  foetal  respiratory 
centre  act ?  For  we  know  that  respiratory  activity  is  aroused  by  the 
stimulation  of  the  centre  by  the  C02  in  the  venous  blood  bathing  it, 
and  we  also  know  that  the  foetal  respiratory  centre  is  developed  and 
ready  to  function  at  seven  months’  intra-uterine  life.  In  order  to 
attempt  to  answer  this  question  we  must  devote  a  little  space  to  the 

1  Quoted  by  Gundobin,  “  Die  Besonderheiten  des  Kindesalters,”  1912,  p.  157. 

2  Arch.  Mikr.  Ana/.,  vol.  xxii. 
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consideration  of  the  nervous  mechanism  of  respiration  and  to  the 
question  of  apncea  in  general. 

The  Nervous  Mechanism  of  Respiration. 

The  rhythmic  activity  of  the  thorax  takes  place  as  the  result  of 
impulses  sent  down  from  the  respiratory  centre,  which  is  stimulated 
by  the  C0.2  in  the  venous  blood.  Haldane  and  Priestley 1  have 
shown  that,  under  ordinary  atmospheric  pressure,  the  percentage  of 
CO.,  in  the  alveolar  air  of  man,  and  therefore  in  the  blood  leaving 
the  lungs  and  going  to  the  respiratory  centre,  is  practically  constant 
for  each  individual  in  spite  of  the  variations  of  the  amount  of  C02 
in  the  inspired  air,  because  the  slightest  increase  in  the  percentage 
of  C02  in  the  inspired  air  causes  a  corresponding  increase  in 
the  pulmonary  ventilation,  as  manifested  by  the  increased  depth 
and  frequency  of  the  respiratory  acts.  This  is  shown  in  the 
following  table 


Percentage  COa 
in  Inspired  Air. 

Average  Depth 
of  Respiration 
(in  c.c.). 

Average  Fre¬ 
quency  of 
Respiration 
per  Minute. 

Ventilation  of 
Alveoli  with 
Inspired  Air 
(Normal  =  100). 

Percentage 
C0.2  in 
Alveolar  Air. 

0-04 

673 

14 

100  (6-60 
litres  per 
minute) 

5-6 

0-79 

739 

14 

116 

5-5 

2-02 

864 

15 

153 

5-6 

3-07 

1216 

15 

226 

5-5 

5*14 

1771 

19 

498 

6-2 

6-02 

2104 

27 

857 

6-6 

From  this  table  we  see  that  when  the  percentage  of  C02  in  the 
air  rises  from  0*04  to  2*02,  the  depth  of  the  respiration  increases 
from  673  to  684,  /.<?.,  approximately  by  30  per  cent.,  and  the  total 
alveolar  respiration  is  increased  from  100  to  153,  i.e.,  by  about 
50  per  cent.  But  the  percentage  of  C02  in  the  alveolar  air,  and, 
therefore,  in  the  air  reaching  the  respiratory  centre,  remains  constant 
at  5-5  per  cent.  The  same  holds  good  for  any  ordinary  increase  in 
C02  percentage  in  the  inspired  air.  When,  however,  that  percentage 
rises  to  above  5  per  cent.,  the  process  of  compensation  is  no  longer 
efficient,  and  the  percentage  of  C02  in  the  alveolar  air  begins  to  rise, 
and  becomes  6-2  per  cent.,  and  symptoms  of  distress  appear. 


1  Joi.irn.  of  Physiol.,  xxxii.,  1905,  p.  225. 
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That  it  is  the  tension  of  C02  in  the  alveolar  air,  and  therefore  in 
the  blood  going  to  the  respiratory  centre,  and  not  the  percentage 
amount  of  this  gas  which  influences  the  respiratory  centre,  is  shown 
by  the  effect  on  the  alveolar  air  of  breathing  air  under  different 
atmospheric  pressures.  This  is  seen  in  the  following  table  : — 


Barometric 
Pressure  in 

Percentage  of 
C09  in 

Percentage  of  COo  in 
Alveolar  Air  Calculated 

mm.  Hg. 

Alveolar  Air. 

at  One  Atmosphere. 

At  top  of  Ben  Nevis 

646 

6*6 

n  n  646  -  0 

6-6  x  —  =  5-2 

760 

Brompton  Hospital! 
compressed  air-  \ 
chamber  ) 

1,260 

3-42 

3T2  x  — —  =  5-6 
760 

Bottom  of  Dol-f^ 
coath  Mine  j 

832 

5*29 

00.7 

5*29  x  f-A  =  5'48 
760 

We  thus  see  that  the  partial  pressure  of  the  alveolar  C00  re?nains 
more  or  less  constant  under  various  conditions  of  atmospheric 
pressure,  and  with  different  percentage  of  C02  in  the  inspired  air. 
This  is  so  because  the  reactions  of  the  respiratory  centre  to  various 
amounts  of  CO,  is  such  that  any  increase  in  the  C00  tension  in  the 
blood  causes  an  increased  activity  of  the  centre ,  resulting  in  deeper  and 
more  frequent  respirations,  thus  keeping  the  alveolar  C09  content 
almost  constant. 

Cause  of  Apncea  in  General. 

Since  breathing  is  kept  up  by  the  stimulation  of  the  respiratory 
centre  by  C02  of  a  certain  degree  of  tension,  it  is  clear  that 
suspension  of  breathing,  or  apnoea,  will  result  when  either  (i  )  the 
C02  tension  is  less  than  normal,  or  (ii.)  the  excitability  of  the  centre 
is  less  than  normal.  This  has  been  verified  experimentally. 

(i.)  Apnoea  as  the  Result  of  Reduced  C02  Tension  in  Alveolar  Air. 
— If  a  tube  be  introduced  into  the  trachea  of  an  animal,  and  artificial 
respiration  be  kept  up  through  it  so  as  to  produce  greater  ventilation 
than  occurs  during  normal  breathing,  respiration  will  stop.  Such 
apncea  will  also  be  produced  by  artificial  ventilation  with  nitrogen  or 
hydrogen,  proving  that  the  cause  of  apnoea  is  not  over-oxygenation 
of  the  blood,  but  the  reduction  in  the  C02  tension  in  the  inveolar  air, 
and  therefore  in  the  blood  bathing  the  respiratory  centre.  When 
the  apnoea  has  lasted  long  enough  for  a  sufficient  accumulation  of 
C02  in  the  blood  to  raise  it  to  what  is  normal  for  the  animal, 
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respiration  returns.  Moreover,  if  the  C02  content  in  the  inspired  air 
be  increased  to  4*5  per  cent.,  it  is  not  possible  to  produce  any  apnoea 
at  all,  thus  showing  that  ordinary  apnoea  is  due  to  a  deficiency  of  CO 2 
tension  in  the  respiratory  centre. 

(ii.)  Apnoea  as  the  Result  of  Diminished  Excitability  of  the 
Respiratory  Centre. — It  is  possible  to  produce  experimentally  a 
diminished  excitability  of  the  respiratory  centre  in  animals.  When 
this  is  done,  the  circulation  through  the  centre  of  a  blood  that 
normally  is  sufficient  to  maintain  the  ordinary  respiratory  rhythm 
will  fail  to  excite  it,  and  will  give  rise  to  a  period  of  apnoea.  Thus, 
ligature  of  the  two  vertebral  arteries  and  of  one  carotid  produces  no 
obvious  changes  in  the  respiratory  rhythm  of  a  rabbit,  but  subsequent 
compression  of  the  second  carotid,  with  consequent  arrest  of  the 
cerebral  circulation,  will  so  exhaust  the  respiratory  centre  as  to 
give  rise  to  embarrassment  of  breathing  (Kussmaul  and  Tenner).1 
Restoration  of  the  cerebral  circulation  now  results  instantly  in  a 
period  of  apnoea,  because  the  blood  of  normal  venosity  is  not 
now  sufficiently  venous  to  stimulate  the  exhausted  respiratory 
centre. 

Foetal  Apnoea. 

When  we  come  to  investigate  the  nature  of  foetal  apnoea,  we  are 
not  on  such  sure  ground.  We  know  that  the  umbilical  vein  contains 
about  6*3  per  cent.  02  and  40*5  per  cent.  C02  (see  p.  156),  but  we 
also  know  that  it  is  not  this  blood,  but  mixed  blood,  which  goes  to 
the  respiratory  centre.  The  umbilical  arterial  blood  contains  about 
2*3  per  cent,  of  oxygen  and  47  per  cent.  C02,  but  these  percentages 
tell  us  nothing  of  the  respective  tensions  of  CO.,  and  02,  which, 
indeed,  are  unknown.  Hence,  although  it  is  possible  that  the 
apnoea  in  the  foetus  is  due  to  deficient  CO.,  tension,  we  have  so  far 
no  proof  that  this  is  the  cause.  On  the  other  hand,  it  is  possible  that 
the  foetal  respiratory  centre,  though  fully  developed,  may  not  be  of  a 
sufficient  degree  of  excitability  to  respond  to  the  stimulus  of  blood  of 
that  degree  of  venosity  which  is  enough  to  stimulate  the  maternal 
respiratory  centre.  Thus  although  under  normal  conditions  the 
foetus  begins  to  breathe  soon  after  birth,  because  the  detachment  of 
the  placenta  increases  the  venosity  of  the  foetal  blood  to  such  an 
extent  as  to  stimulate  the  torpid  respiratory  centre,  yet  in  cases  of 
prolonged  labour  the  excitability  of  the  centre  may  become  so 
weakened  as  not  to  be  provoked  even  by  the  high  venosity  of  the 
blood.  The  infant  is  then  born  in  a  state  of  asphyxia. 

1  See  Luciani’s  “Physiology", 
io 
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Respiratory  Movements  in  the  Foetus. 

It  is,  however,  to  be  noted  that,  although  no  true  rhythmic 
respiratory  movements  occur  in  the  foetus,  the  foetal  respiratory- 
centre,  as  well  as  the  respiratory  muscles,  gradually  assume  the 
power  of  activity  during  the  last  months  of  intra-uterine  life,  so  that 
when  the  first  breath  occurs  after  birth,  there  is  not  a  sudden 
assumption  of  rhythmic  activity  on  the  part  of  the  respiratory  centre. 
Ahlfeld  1  has  described  certain  rhythmic  but  irregular  intra-uterine 
movements  of  the  foetus,  which  appear  to  be  due  to  the  contraction  of 
the  respiratory  muscles.  These  vary  from  38  to  76  per  minute,  and 
can  be  felt  in  the  region  of  the  mother’s  umbilicus  near  term.  Ahlfeld 
succeeded  in  getting  graphic  tracings,  showing  that  when  the  foetal 
chest  expands  its  abdomen  contracts.  He  comes  to  the  conclusion 
that  these  motions  serve  to  strengthen  the  diaphragm  and  the 
chest  muscles  for  the  function  of  respiration.  (See  further, 
Chap.  VIII.,  for  Respiratory  Exchanges.) 

1  “  Beitrage  zur  Lehre  vom  Uebergange  der  intrauterinen  Athmung  zur 
Extrauterinen,”  Festschrift  fur  Ludwig,  Marburg,  1890,  p.  1. 
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THE  PRE-NATAL  CIRCULATION 

“  The  assertion  that  the  heart  of  the  embryo  does  not  move  ...  is  plainly 
false.  ...  I  have  myself  repeatedly  seen  these  motions,  and  Aristotle  is  like¬ 
wise  witness  of  their  reality.  ...  In  the  human  embryo  .  .  .  nature  uses  the 
two  ventricles  of  the  heart  as  if  they  were  but  one.  ...” 

“  The  foetus  has  a  proper  life  of  its  own,  and  possesses  pulsating  arteries  filled 
with  blood  and  ‘spirits  '  long  before  the  ‘conception’  \i.e.,  the  ovum]  in  which  it 
is  formed  and  dwells  is  attached  to  the  uterus.” 

Harvey.1 

The  Physiological  Embryology  of  the  Heart  and  Big  Vessels. 

(a)  The  earliest  stage  of  the  embryonic  circulatory  system  in 
man  and  other  mammalian  animals  consists  in  the  formation  over 
the  surface  of  the  yolk  sac  of  a  number  of  small  blood  vessels  of 
mesoblastic  origin. 

(b)  In  a  human  embryo  of  eleven  days  after  fertilisation  recently 
described  by  Mall,  the  venous  system  is  represented  practically 
entirely  by  the  umbilical  veins.  At  the  head  end  of  the  embryo  the 
two  veins  unite,  and  at  the  point  of  junction  two  groups  of  four 
vessels  each — the  aortic  arches — are  given  off  on  each  side.  These 
soon  reunite  (at  about  the  end  of  the  third  or  the  beginning  of  the 
fourth  week)  to  form  a  single  vessel  on  each  side— the  primitive 
aortte.  At  this  stage  the  heart  is  simply  a  small  dilation  of  the 
venous  tube — at  the  point  of  junction  of  the  two  umbilical 
veins. 

(c)  A  little  later  the  heart  is  found  in  the  form  of  an  S-shaped 
tube.  Slight  constrictions  of  the  tube  then  appear,  partitioning  it  off 
into  four  portions,  viz.,  the  sinus  venosus,  the  auricle,  the  ventricle, 
and  the  bulbus  arteriosus. 

(d)  Later  still  the  cavity  of  the  heart  becomes  divided  into  a 
right  and  left  side  by  the  development  of  septa.  The  sinus  venosus 
becomes  submerged  chiefly  in  the  right  auricle.  The  sinus  muscula¬ 
ture  is  replaced  by  fibres  similar  to  those  of  the  auricle  except  at 
one  place,  namely,  at  the  junction  of  the  sinus  with  the  auricle— the 
sino-auricular  node.  (See  p.  441.) 

1  “The  Works  of  William  Harvey,”  Sydenham  Society  Translation,  London, 
pp.  38  and  570. 
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Circulation  of  Blood  in  the  Embryo. 

(a)  The  umbilical  vesicle  obtains  a  supply  of  nourishment  from 
the  mother,  and  transfers  it  to  the  growing  embryo  through  two  sets 
of  vessels — the  omphalo-mesenteric  arteries  and  veins.  This  is  the 
first  vitelline  circulation,  and  lasts  about  five  weeks. 

(b)  As  the  chorionic  villi  develop,  and  vessels  grow  out  from 
the  allantois,  an  osmotic  connection  is  established  between  the 
maternal  and  foetal  bloods  through  the  formation  of  a  system  of 
capillaries  which  invade  the  growing  villi. 

Circulation  of  Blood  in  the  Foetus. 

Physiological  Anatomy  of  the  Foetal  Circulatory  System. 

A.  Heart. — The  foetal  heart  differs  from  that  of  the  child  or 
adult  in  structure,  position,  and  relative,  as  well  as  absolute,  size. 

(a)  Structure. 

1.  Macroscopic. — Unlike  the  adult  heart  there  is  in  the  foetal 
heart  a  communication  between  the  two  auricles  by  means  of  the 
foramen  ovale ,  which  remains  open  for  a  few  days,  generally  about 
twelve  days,  after  birth.  Round  the  patent  ovale  there  is  a  valve 
called  the  Eustachian  valve ,  which  allows  blood  from  the  inferior 
vena  cava,  but  not  from  the  superior  vena  cava,  to  flow  from  the 
right  into  the  left  auricle.  It  also  prevents  a  regurgitation  of  blood 
from  the  left  to  the  right  auricle.  If  the  foramen  ovale  persists  after 
the  third  week,  the  child  suffers  from  one  of  the  forms  of  congenital 
heart  disease,  which  manifests  itself  by  blueness  of  the  lips  and 
extremities  (see  further,  p.  154). 

In  the  adult  the  right  ventricle  has  thinner  walls  than  the  left 
ventricle,  but  in  the  foetus  the  two  ventricles  may  be  equally  thick 
(0*5  cm,  each),  or  the  right  may  even  be  thicker  than  the  left 
ventricle  (0-7  cm.  and  0-5  cm.  respectively). 

2.  Microscopic. — Nitzkewitch,  in  a  graduation  thesis  presented 
before  the  University  of  St  Petersburg  in  1907,  investigated  the 
normal  structure  of  the  heart  muscle  of  the  infant  at  birth.  He 
finds  that  the  peculiarity  of  the  heart  muscle  in  such  infants  lies  in 
the  fact  that  the  muscle  bundles  are  finer,  and  the  connective  tissue 
between  the  bundles  has  a  delicate  fibrillar  structure,  and  contains 
no  fat  cells.  The  individual  muscle  cells  are  somewhat  shorter,  and 
considerably  thinner  than  in  the  adult.  The  nuclei,  instead  of 
being  spindle-shaped  as  they  are  in  the  adult,  are  round  in  foetuses 
before  the  sixth  month  of  intra-uterine  life,  and  oval  after  that  age. 
Occasionally  there  are  two  nuclei  in  one  cell. 

The  auriculo-ventricular  valves  contain  no  elastic  tissue.  The 
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automatic  nerve  ganglia  are  particularly  distinguished  by  their  size. 
The  younger  the  foetus,  the  smaller  are  the  nerve  nodes  as  well  as 
the  nerve  cells.  The  capsule  of  the  ganglia  is  thin,  and  their 
fibrillar  structure  is  less  marked  than  in  the  adult.  The  nerve  cells 
are  round,  oval  or  pear-shaped.  Occasionally  one  comes  across 
cells  with  two  nuclei,  inside  which  one  sometimes  finds  two  smaller 
nucleoli.  The  number  of  cells  in  the  nodes  is  independent  of  age. 

The  practical  importance  of  the  above  is  the  fact  that  the 
development  of  the  heart  muscle  in  the  foetus  is  fairly  complete  at 
an  early  stage  of  intra-uterine  life.  A  foetus  32  cm.  long  showed 
the  same  structure. 

(b)  Position. — The  heart  in  the  foetus  or  infant  lies  more  hori¬ 
zontally  than  that  of  the  adult,  and,  owing  to  the  higher  position 
of  the  diaphragm,  it  is  also  placed  a  little  higher  in  relation  to  the 
spine.  According  to  Ballantyne,  the  upper  limit  of  the  heart  is  at 
the  fourth  intervertebral  disc,  and  the  lower  limit  at  the  disc  between 
the  eighth  and  ninth  dorsal  vertebrae.  The  apex  is  therefore  higher 
and  more  external  than  in  the  adult.  Thus  whilst  in  the  adult  the 
apex  beat  is  normally  felt  in  the  fifth  intercostal  space  about  \  in. 
internal  to  the  nipple  line,  it  is  in  the  infant  higher  than  that,  and 
in  the  nipple  line.  Further,  owing  to  the  inactivity  of  the  lungs 
in  the  foetus,  these  organs  are  relatively  small,  and  therefore  leave 
a  greater  part  of  the  anterior  surface  of  the  heart  exposed  and  the 
chest  wall.  The  upper  part  of  the  heart,  however,  in  the  foetus  and 
infant  is  covered  by  the  thymus,  which  is  situated  between  it  and 
the  sternum. 

(c)  Size  and  Weight. — The  foetal  and  infant’s  heart  is  relatively 
heavier  than  in  the  adult.  At  birth,  the  weight  of  the  heart  is  to 
the  weight  of  the  body  in  the  relation  varying  from  1:114  to  1:211 
(average  about  1  :  170),  whilst  in  the  adult  the  relation  is  about 
1:216  (O.  Schaffer). 

B.  The  Peculiarities  of  the  Great  Vessels  in  the  Foetus. — The 

chief  peculiarity  in  the  foetus  and  in  the  first  few  days  of  post-natal 
life  is  the  communication  between  the  pulmonary  artery  and  the 
aorta  by  means  of  the  ductus  arteriosus,  which,  from  its  direction 
and  size  in  the  foetus,  seems  to  be  a  distinct  continuation  of  the 
main  pulmonary  trunk ;  the  right  and  left  pulmonary  arteries  looking 
like  small  branches  of  it.  It  opens  obliquely  into  the  aorta,  at  a 
point  nearly  opposite  the  left  subclavian  artery,  by  an  opening  which 
differs  from  all  other  openings,  into  the  aorta,  by  being  elliptical 
instead  of  circular,  and  in  having  the  aortic  wall  in  its  neighbour¬ 
hood  raised  in  ridges  instead  of  being  quite  smooth.  This  point  of 
junction  is  in  relation  with  the  vagus  nerve  which  crosses  it.  The 
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lumina  of  the  large  arteries  are  comparatively  larger  than  in  the 
adult.  Thus  while  the  volume  of  the  heart  is  to  the  lumen  of 
the  ascending  aorta  as  5:4  in  the  infant,  it  is  as  approximately  5  :  1 
in  the  adult,  t.e.,  while  the  volume  of  the  heart  grows  to  twelve 
times  its  size,  the  circumference  of  the  aorta  increases  only  to  three 
times.  Hence  the  aortic  lumen  is  relatively  four  times  as  great  in 
the  infant  as  it  is  in  the  adult.  We  shall  see  the  bearing  of  this 
fact  later  (p.  431). 

The  superior  vena  cava  is  short  and  vertical,  and  the  left  innomin¬ 
ate  vein  runs  transversely. 

The  Lumen  of  the  Arteries. 

The  researches  of  Bizst,  Rilliet,  and  others  agree  in  their  results 
that  the  lumen  of  the  big  arteries  increases  with  the  growth  of 
the  body.  The  lumen  of  the  pulmonary  artery  is  in  the  foetus  bigger 
than  that  of  the  aorta.  During  the  seventh  month  of  intra-uterine 
life  their  respective  measurements  in  boys  are  1*5  cm.  and  T4  cm. 
In  new-born  infants  they  are  2 ‘4  and  2  cm.  respectively.  Until  the 
age  of  sixteen  years  the  difference  varies  between  0‘2  and  04  cm. 

Falk  showed  that  throughout  life  the  aorta  and  pulmonary 
arteries  are  larger  in  boys  than  in  girls. 

Circulation  of  Blood  in  the  Foetus. 

\ 

The  foetal  lungs  not  being  active  there  is  no  blood  circulating 
through  them  for  the  purpose  of  aeration  ;  it  is  in  the  placenta 
where  the  foetal  blood  is  purified.  Hence  the  blood  which  comes 
from  the  right  ventricle  by  means  of  the  pulmonary  arteries,  instead 
of  going  into  the  lungs  as  it  does  after  birth,  must  find  its  way 
somewhere  else.  This  it  does  into  the  aorta  by  means  of  a  com¬ 
munication  between  the  pulmonary  artery  and  the  arch  of  the  aorta, 
called  the  ductus  arteriosus  or  ductus  Botalli.  There  is  also  in  the 
foetus  a  communication  called  the  ductus  venosus  or  ductus  Arantii 
between  the  liver  and  the  inferior  vena  cava.  Further,  there  is  a 
communication  in  the  foetal  heart  between  the  two  auricles  called 
the  foramen  ovale ,  guarded  by  the  Eustachian  valve. 

Course  of  the  Foetal  Circulation  (Fig.  46). 

(a)  Pure  blood  from  the  placenta  is  carried  by  the  single 
umbilical  vein  running  along  the  umbilical  cord  to  the  liver. 

(/;)  From  the  liver,  the  ductus  venosus  or  ductus  Arantii,  named 
after  its  discoverer  Julius  Coesar  Arantius,  takes  this  pure  blood  to 
the  inferior  vena  cava. 
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Fig.  4G. — Diagram  of  the  Foetal  Circulation  (Gray’s  “Anatomy’'). 
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(c)  The  inferior  vena  cava  takes  it  to  the  right  auricle  (see 
also  q  -  /). 

(d)  From  the  right  auricle,  instead  of  going  into  the  right  ventricle 
— as  it  does  in  post-natal  life — it  passes  through  the  foramen 
ovale  into  the  left  auricle,  guided  by  the  Eustachian  valve. 

(e)  From  the  left  auricle  it  goes  to  the  left  ventricle. 

(/)  From  the  left  ventricle  it  goes  to  the  aorta. 

(g)  Whence  the  greater  part  is  conveyed  by  the  arteries  coming 
off  from  the  arch  to  the  head  and  neck  as  well  as  the  upper  extremities, 
although  some  of  it  also  goes  down  the  aorta  to  the  trunk  and  legs. 

(h)  In  the  head  and  neck  and  upper  extremities  the  pure  blood 
becomes  de-oxygenated  and  takes  up  C02,  and  returns  as  impure 
blood  by  means  of  the  corresponding  veins  to  the  superior  vena  cava. 

f(z)  Which  carries  it  to  the  right  auricle. 

(/)  Thence  to  the  right  ventricle. 

(k)  Thence  to  the  pulmonary  arteries. 

\(l)  These,  instead  of  carrying  it  all  to  the  lungs,  only  carry  a  little 
of  it  to  these  organs  for  the  purpose  of  nourishing  them, 
but  the  bulk  of  the  blood  is  shunted  off  by  means  of 

(m)  The  ductus  arteriosus  Botalli  to  the  aorta. 

(«)  Whence  it  goes  to  the  trunk  and  lower  extremities,  as  well 
as  to 

(o)  The  two  umbilical  arteries,  which  carry  it 

( p )  To  the  placenta  where  it  is  purified. 

(q)  The  blood  from  the  trunk  and  lower  extremities  is  collected 
by  the  corresponding  veins  which  carry  it  to  the  inferior  vena  cava. 

(r)  Whence  it  goes  to  the  right  auricle. 

(s)  Thence  through  the  foramen  ovale  to  the 

(/)  Left  auricle,  to  follow  the  same  course  as  the  pure  blood, 
o  -  m. 


S-t 

3 

a, 


Why  are  there  Two  Umbilical  Arteries  and  only  One  Umbilical 
Vein? 

It  is  at  present  impossible  to  give  a  satisfactory  answer  to  this 
question,  but  Ballantyne  has  shown  that  foetuses  which  have  only 
one  umbilical  artery  almost  constantly  present  the  malformation 
known  as  sympodia,  in  which  the  lower  limbs  are  fused  together.1 


Is  there  any  Mixing  of  Superior  and  Inferior  Caval  Blood  in  the 
Right  Auricle  ? 

The  description  given  above  is  in  accordance  with  that  of  Haller 
and  Sabbatier,  who  held  the  view  first  arrived  at  by  Caspar  Friedrich 
1  “  Ante-Natal  Pathology  ”  :  The  Foetus,  p.  129. 
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Schema  of  the  Foetal  Circulation 


Pure ( 


(1)  Placenta  - — — 

I 

(2)  Umbilical  vein 

I 

(3)  Liver 

I 

(4)  Ductus  venosus 

I 

(5)  Inferior  vena  cava  (see  also  20) 

(6)  Right  auricle  (see  13  and  21) 

I 

(7)  Left  auricle 

I 

(8)  Left  ventricle 

I 

(9)  Aorta  (see  17) 


\ 


(10a)  Head  and  (10/0  I  runk  and  c  n  , 

x  '  iji  Small  amount 

neck  and  lower  ex-  f  ,  ,  , 

-  or  pure  blood 

frAtniriPC  I  ± 

to  trunk 


arms 

chiefly. 


tremities 
(see  18a) 


(11)  Veins  of  same 

(12)  Superior  vena  cava 

J 

(13)  Right  auricle  (see  6  and  21) 

I 

(14)  Right  ventricle 

I 

(15)  Pulmonary  arteries 


(16)  Ductus  arteriosus  (16a)  Lungs  (nutrient) 

I 

(17)  Aorta  (see  9) 


(18a)  Trunk  and  (18/>)  Umbilical  arteries 
lower  ex¬ 
tremities 

I 

(19a)  Correspond-  (190  Placenta  (see  1) 
ing  veins 


(18<r)  Intestines 


(19<r)  Liver 


1(20)  Inferior  vena  cava 

^(21)  Right  auricle  (see  6  and  13) 
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Wolff  in  1775  that  the  superior  vena  cava  blood  (non-oxygenated) 
enters  the  right  ventricle  from  the  right  auricle,  whilst  the  blood 
from  the  inferior  vena  cava  (aerated)  passes  across  through  the 
foramen  ovale  from  right  to  left  auricle.  According  to  the  views 
of  Galen  and  Harvey,  however,  there  is  no  such  separation  of  bloods, 
but  the  two  bloods  from  the  superior  and  inferior  venae  cavae  are 
mixed  in  the  right  auricle  before  any  of  the  stream  passes  to  the 
left  auricle. 

In  order  to  decide  between  these  two  conflicting  views  Pohlman  1 
recently  investigated  the  question  experimentally  in  foetal  pigs’ 
hearts : — 

(a)  He  injected  starch  granules  into  the  superior  vena  cava  in 
some  living  foetal  pigs,  and  into  the  inferior  vena  cava  in  others. 
The  hearts  were  then  removed,  and  the  blood  in  the  two  auricles 
and  in  the  two  ventricles  examined  in  each  case.  He  found  that 
the  starch  granules  were  present  in  equal  amounts  in  the  blood  in 
each  chamber,  thus  confirming  the  theory  of  Galen  and  Harvey. 

(b)  Pohlman  also  introduced  capillary  glass  tubes  into  the  two 
ventricles,  and  showed  that  the  pressures  within  them  were  equal. 

Consequences  of  the  Peculiarities  of  the  Foetal  Circulation. 

(. A )  As  the  liver  and  head  and  neck,  as  well  as  the  upper  limbs, 
are  supplied  with  nearly  pure  blood,  except  for  the  small  quantity 
of  blood  coming  from  the  gastro-intestinal  tract,  whilst  the  trunk 
and  lower  limbs  mainly  get  impure  blood,  one  finds  a  physiological 
explanation  for  the  anatomical  fact  that  the  liver ,  head ,  and  neck  'and 
upper  limbs  are  proportionately  large  in  young  infants. 

(B)  Congenital  Heart  Disease  as  the  Result  of  Arrested  Development 
of  the  Heart. 

1.  Bilocular  Heart ,  due  to  arrest  of  development  at  a  stage  when 
only  an  auricle,  a  ventricle  and  a  bulbus  arteriosus  exist.  This 
condition  is  very  rare. 

2.  Trilocular  Heart. — This  may  result  in  one  of  two  ways,  viz.  : — 
Either  (a)  absence  of  interauricular  septum,  giving  rise  to  a  heart 
with  one  auricle  and  two  ventricles  ;  or  (p)  absence  of  interventricular 
septum,  giving  a  heart  consisting  of  two  auricles  and  one  ventricle. 
Both  of  these  are  rare. 

3.  Incomplete  development  of  interauricular  septum  =  patent 
foramen  ovale. 

4.  Incomplete  development  of  interventricular  septum.  This 
condition  generally  coexists  with — 

1  Anal.  Record ,  Philadelphia,  iii.,  1909,  75. 
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5.  Pulmonary  stenosis. 

6.  Persistence  of  a  patent  ductus  arteriosus.  Generally  coexists 
with  4  and  5. 

7.  Stenosis  of  the  aorta  at  one  of  three  places,  viz.  :  — 

(i.)  At  orifice  of  the  ductus  arteriosus. 

(ii.)  Above  the  entrance  of  the  ductus  arteriosus. 

(iii.)  Below  the  entrance  of  the  ductus  arteriosus. 

In  (i.)  and  (iii.)  the  circulation  is  carried  through  the  ductus 
arteriosus. 

Consequences  of  a  Congenital  Pulmonary  Stenosis. 

As  a  result  of  the  constriction  of  the  pulmonary  artery,  blood 
cannot  leave  freely  the  right  ventricle.  This  causes  an  increased 
intra-ventricular  pressure  in  that  chamber,  which  pushes  the  inter¬ 
ventricular  septum  to  the  left.  The  right  ventricle  is  therefore 
enlarged,  and  : — 

1.  If  the  interventricular  septum  is  not  quite  closed  yet  when  the 
stenosis  occurs,  the  aorta  takes  its  origin  from  the  right  ventricle. 
Hence  the  blood  to  the  lungs  must  come  through  the  ductus 
arteriosus,  which  ?nust,  therefore,  remain  patent. 

2.  If  the  interventricular  septum  is  closed  before  the  constriction 
in  the  pulmonary  artery  arises,  then  the  pressure  in  the  right  auricle 
becomes  increased,  and  blood  passes  from  it  into  the  left  auricle 
through  the  forame?i  ovale,  which  therefore  remains  open.  Hence  in 
cases  of  congenital  pulmonary  stenosis  the  pulmonary  circulation 
takes  place  through  an  open  ductus  arteriosus,  and  either  an 
incomplete  interventricular  septum  or  a  patent  foramen  ovale. 

Experimental  Study  of  the  Foetal  Circulation. 

Cohnstein  and  Zunz  1  were  the  first  to  carry  out  a  comprehensive 
research  on  the  foetal  circulation  of  the  foetus  in  the  case  of  the  sheep. 
The  apparatus  they  used  consisted  of  a  kymograph,  two  mercury 
manometers,  registering  the  blood  pressure  in  the  umbilical  artery 
and  vein  respectively,  and  connected  with  these  vessels  by  means 
of  tubes  containing  25  per  cent.  MgS04,  a  small  electro-magnet  in 
circuit  with  a  tuning  fork  or  electrical  clock  marking  “  two  seconds' 
periods.”  Another  “writer”  drew  the  abscissa ;  and  a  T  tube  inserted 
near  the  canula  served  for  the  purpose  of  taking  specimens  of  blood 
for  gas  analysis.  A  stromuhr  inserted  in  the  connections  served 
for  the  purpose  of  determining  the  velocity  of  blood.  The  mother 


1  Pfliigei-  s  Arch. ,  xxxiv.,  pp.  173-233. 
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animals  were  anaesthetised,  tracheotomised,  and  ventilated.  The 
foetus  was  removed  by  Caesarean  section  under  0*6  per  cent,  saline. 

Results : — 

(a)  Gas  analysis  of  blood — 


o2 

=  6-669 

per  cent.  \ 

co9 

=  46-542 

,,  >  by  volume. 

„  j 

N, 

-  1-000 

T  otal 

54-211 

5  5  5  5 

Umbilical  arterial  blood  contained  4-67  per  cent,  less  oxygen, 
and  4-72  per  cent,  more  CO.,  than  umbilical  venous  blood. 

if)  Pulse  Frequency. — This  varied  inversely  with  the  age  of  the 
foetus  and  its  weight.  (Rameaux  found  the  same  results  in  the 
human  foetus.) 

{c)  Arterial  Blood  Pressure — 


55' 


55 


55 


55 


55 


55 


55 


In  foetus  1  (1,585  gm.)  =  39*3  mm. 

3  (1,320  „  )  =  50*5  „ 

4a  (1,290  „  )  =  43-2 

4 b  (1,564  „  )  =*  51T 

2  (full  term  =  3,600  ,,  )  =  83*7 

therefore  the  blood  pressure  rises  with  the  growth  of  the  foetus. 

Venesection  to  the  extent  of  3  per  cent,  of  the  body  weight 
reduced  the  pulse  rate  and  blood  pressure,  both  of  which,  however, 
gradually  rose  to  normal  (the  latter  comparatively  quickly).  Hence 
the  foetus  has  the  same  capacity  as  an  adult  to  keep  the  blood 
pressure  normal  after  loss  of  blood. 


Arterial  and  Venous  Blood  Pressure. 

Whereas  the  arterial  pressure  in  the  foetus  is  hardly  half  that 
found  post  partum,  the  venous  pressure  is,  on  the  contrary,  much 
higher  (z.e.,  16*4  mm.  instead  of  1T4  mm.).  This  higher  venous 
pressure  is  due  to  lack  of  aspiration  from  the  thorax. 

Difference  between  Arterial  and  Venous  Pressure. 

The  difference  between  the  two  pressures  is  comparatively  small. 
This  is  a  point  of  some  significance  from  the  point  of  view  of  the 
activity  of  the  foetal  kidneys.  In  adults,  the  difference  is  100 
mm.  Hg,  but  in  the  foetus  it  is  between  14-2  and  51 T  mm.  Hg. 
It  rises  with  the  maturity  of  the  foetus.  Hence,  if  the  same  holds 
good  for  the  human  foetus,  it  would  seem  that  urinary  secretion  is 
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only  possible  in  later  months  (if  we  accept  the  filtration  theory  of 
urinary  secretion).  See  Chap.  XIV.,  p.  196. 

(d)  Velocity  of  Blood. 

Velocity  in  arteries  =  5  c.c.  per  64  sect. 

,,  veins  =  5  c.c.  per  63  ,, 

The  Action  of  the  Foetal  Heart. 

That  the  foetal  heart  is  beating  can  be  verified  from  the  eighteenth 
week  of  pregnancy  onwards  by  careful  auscultation  of  the  mother’s 
abdomen.  'This  discovery  was  first  made  by  a  Swiss  doctor,  named 
Major,  but  its  importance  was  first  recognised  by  Lejumeau  de 
Kergaradec  in  1822.  1  Laennec,  the  discoverer  of  stethoscopy, 
amongst  others,  confirmed  this  observation,  although  Duges  declared 
that  the  thickness  of  the  maternal  abdominal  wall,  together  with  the 
depth  of  the  amniotic  fluid,  would  make  this  theoretically  impossible. 
The  discovery  of  the  foetal  cardiac  beat  is  of  the  utmost  importance, 
and  is  now  daily  utilised  in  the  diagnosis  of  pregnancy,  of  the  life  of 
the  foetus,  its  state  of  health  (from  the  intensity  and  rapidity  of  the 
beat),  as  well  as  in  the  diagnosis  of  multiple  pregnancy. 

That  the  heart  beats  long  before  the  eighteenth  week  has  been 
determined  by  means  of  observations  on  abortion  sacs  as  early  as  the 
sixth  week,  and  Pfliiger  saw  the  S-shaped  heart  beat  in  a  human 
embryo  of  three  weeks.1 2 

(a)  The  fact  that  the  foetal  heart  beats  at  such  an  early  date  of 
ante-natal  life,  long  before  any  nerves  have  reached  it,  is  conclusive 
evidence  that  in  the  foetus ,  at  any  rate,  the  rhythm  of  the  heart  is 
myogenic  and  not  neurogenic  in  origin.  Further  evidence  in  favour  of 
this  view  is  afforded  by  the  fact  that,  in  foetuses  born  without  brain  or 
spinal  cord,  the  heart  was  heard  to  beat  rhythmically  before  birth,  and 
seen  to  do  so  at  birth.  In  a  remarkable  case  described  by  Neugebauer, 3 
an  extra-uterine  foetus,  of  fourteen  weeks’  gestation,  was  so  mutilated 
during  the  operation  for  its  removal,  that  its  head,  arms,  one  leg, 
and  the  whole  of  the  spinal  cord  were  torn  away,  and  yet  the  heart 
continued  to  beat  rhythmically  for  more  than  three  hours,  although 
the  contractions  were  anti-peristaltic,  i.e .,  from  apex  to  base. 

if)  We  know  that  in  post-natal  life  the  cardiac  activity  is  dependent 
upon  the  proper  oxygenation  of  blood  supplied  to  it  by  the  coronary 
arteries.  Yeo  found  that  a  weak  solution  of  oxyhaemoglobin  passed 
through  an  excised  beating  frog’s  heart  became  venous  in  colour,  and 

1  Quoted  by  Preyer,  “Physiologic  der  Embryo,”  Leipzig,  1885,  p.  41. 

2  Pfliiger'’ s  Arch .,  xiv.,  628. 

3  Centralbc.  j.  Gynak . ,  xxii.,  1898,  1281. 
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Barcroft  and  Dixon,  by  analysing  the  blood  entering  and  leaving  the 
coronary  vessels  of  a  cat  during  normal  activity,  and  during  vagus 
inhibition,  found  that  during  normal  activity  0*21  c.c.  of  oxygen  and 
0*45  c.c.  of  C02  are  given  out  per  minute,  whilst  during  inhibition 
the  corresponding  amounts  were  0T3  c.c.  of  02  and  0’07  c.c.  of  C02. 
Indeed,  when  the  proper  supply  of  blood  to  the  cardiac  muscle  is 
interfered  with  (< e.g .,  in  cases  of  atheroma  of  the  coronary  arteries), 
the  heart  muscle  undergoes  degeneration,  and  the  patient  suffers 
from  the  condition  known  as  angina  pectoris,  accompanied  by 
severe  spasmodic  pains  in  the  region  of  the  heart.  I?i  the  foetus , 
however,  the  activity  of  the  heart  is  more  or  less  independent  of  the 
supply  of  arterial  blood ,  since  the  blood  supplied  to  it  is  practically 
venous  in  character.  Even  in  a  new-born  infant  which  did  not 
breathe,  Ballantyne  noticed  the  heart  beat  for  as  long  as  five  hours. 
Notwithstanding  this  fact,  post-mortem  Caesarean  sections  will  yield 
a  living  infant  only  if  the  operation  is  done  within  a  very  few 
minutes  (say  five)  after  the  mother’s  death,  although,  according  to 
Harvey,  living  fcetuses  can  be  delivered  by  Caesarean  section  several 
hours  after  the  death  of  the  mother.1 

(c)  The  foetal  heart  beats  at  a  quicker  rate  than  after  birth,  and 
much  quicker  than  in  the  adult.  From  the  fifth  month  onwards  to 
full  term,  the  foetal  heart  beats  from  130  to  150  or  160  per  minute, 
the  rate  depending  on  the  size  of  the  child — being  slower  in  large 
and  quicker  in  smaller  children  (see  p.  432  for  the  relation  between 
length  of  child  and  pulse  rate).  As  male  children  are  generally 
larger  than  female,  the  foetal  heart  rate  is  generally  slower  in  males 
than  in  females,  and  hence  a  shrewd  guess  may  sometimes  be  made 
of  the  sex  of  the  child  before  it  is  born  by  auscultating  its  heart 
through  the  mother’s  abdomen.  (Frankenhauser,  in  1859,  first 
suggested  that  a  pulse  of  138-150  indicated  a  female,  whilst  one  of 
120-132  points  to  a  male  foetus.  This,  however,  does  not  hold 
good.)  This  cardiac  rapidity  is  probably  due  to  the  deficient 
development  of  the  controlling  influence  of  the  vagus  (see 
below,  pp.  160  and  161). 

(d)  The  contractions  of  the  foetal  heart  may  be  anti-peristaltic ,  the 
ventricles  contracting  before  the  auricles. 

(e)  Cardiac  Cycle. — The  whole  cycle  lasts  0*3  to  0*6  sec.  Of 
this,  more  than  half  is  taken  up  by  ventricular  systole. 

(i.)  Auricles  contract  first;  the  right  slightly  before  the  left, 
(ii.)  Short  pause  (equal  in  duration  to  iv.). 

(iii.)  Contraction  of  ventricles,  right  slightly  before  left. 

(iv.)  Pause  (equal  in  duration  to  ii.). 

1  “  The  Works  of  Harvey,”  op.  cit . ,  p.  570 
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The  following  is  a  time  table  of  the  cardiac  cycle  in  the  adult  for 
comparison  : — 

Duration  =  08  sec.,  distributed  as  follows  : — 

Auricular  systoles  about  0*1  4-  auricular  diastole  0*7  =  0*8. 
Ventricular  ,,  0-3  +  ventricular  ,,  0*5  =  0*8. 

Total  ,,  0*4  +  total  ,,  0*4  — 0*8. 

Character  of  the  Foetal  Cardiogram. 

Pestalozza,1  in  1891,  succeeded  in  taking  a  cardiographic  tracing 
of  the  foetal  heart  in  a  second  twin  after  the  birth  of  the  first.  The 
unborn  twin  was  lying  transversely,  and  its  back  was  so  pushed 
forward  against  the  maternal  abdominal  wall  that  the  heart  beat 
could  not  only  be  heard,  but  distinctly  felt. 

By  using  a  Dudgeon  sphygmograph,  applied  round  the  woman’s 
abdomen,  Pestalozza  obtained  tracings  of  the  heart  during  and 
between  uterine  contractions.  These  “  showed  a  rapid  rise  of 
pressure  to  the  apex  (opening  of  semilunar  valves),  followed  not  by  a 
sudden  decrease  of  pressure,  but  by  a  continuance  of  it  (‘platform  ’), 
and  then  by  a  descent  to  the  base  line,  a  fact  which  may  be 
interpreted  as  proving  that  the  blood  does  not  get  very  quickly  or 
easily  out  of  the  ventricles.” 

A  cardiogram  taken  during  a  “pain”  did  not  show  any  slowing 
of  the  heart  rhythm. 

Pestalozza  further  took  the  cardiograms  of  a  new-born  infant 
which  had  not  yet  breathed,  but  which  was  not  yet  in  a  state  of  true 
asphyxia ;  of  another  in  a  state  of  true  asphyxia,  and  of  a  third  who  had 
already  begun  to  breathe,  and  he  found  that  in  the  first  the  cardio¬ 
gram  was  exactly  like  the  one  obtained  from  the  foetus  in  utero ;  in 
the  second  there  was  slowing,  irregularity,  and  a  broader  “  platform,’ 
while  in  the  third  the  cardiogram  resembled  that  of  the  adult 
(Ballantyne). 

Similar  tracings  were  obtained  by  Duval.2 

Dr  Oliphant  Nicholson  obtained  sphygmographic  tracings  of 
the  pulse  in  infants  five  minutes,  and  six  days  old  respectively. 
These  show  a  relatively  higher  tension,  a  well-marked  apex  and 
tidal  and  dicrotic  wavelets. 

Ballantyne  obtained  a  practically  normal  adult  type  sphygmogram 
from  the  artery  at  the  ankle  of  a  foetus  whose  body  and  head  were 
still  unborn. 

A  sphygmogram  of  an  infant  born  prematurely  at  the  seventh 

1  Quoted  by  Ballantyne,  p.  137. 

2  Johns  Hopkins  Hosp.  Bull.,  viii.,  1897,  '207. 
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month  shows  a  more  sloping  line  of  ascent  to  the  apex.  (For 
Foetal  Electro-cardiogram,  see  p.  162). 

Cause  of  Cardiac  Rapidity  in  the  Foetus. 

The  frequency,  irregularity,  and  easy  irritability  of  the  pulse  of 
the  new-born  infant  induced  physiologists  to  search  for  an  inhibitory 
apparatus  in  the  hearts  of  new-born  animals.  It  may,  of  course,  be 
due  to  one  of  the  following  causes  :  — 

1.  Incomplete  development  of  the  terminal  branches  of  the 
inhibitory  nerves  in  the  heart. 

2.  Incomplete  development  of  the  fibres  of  the  inhibitory  nerves 
themselves. 

3.  Incomplete  development  of  the  inhibitory  centre. 

With  reference  to  the  first  question,  the  researches  of  Boche- 
fontaine 1  and  Tarchanoff2  in  young  dogs  and  rabbits  have  shown 
that  immediate  stimulation  of  the  heart  of  new-born  animals  by 
means  of  the  induced  electric  current  is  accompanied  by  a  slowing 
of  the  beat  and  subsequent  stoppage.  Langendorff3  injected 
muscarin  (which  stimulates  the  vagus  endings)  into  new-born  dogs, 
and  observed  a  slowing  of  the  beat,  which  was  removed  by  the 
injection  of  atropine  (which  paralyses  the  inhibitory  nerve  endings). 
It  is,  however,  to  be  noticed  that,  although  atropine  removes  the 
effect  of  muscarin,  injection  of  it  alone,  without  the  previous  injection 
of  muscarin,  in  dogs  under  two  months  old  does  not  either  accelerate 
the  heart  beat,  or  raise  the  blood  pressure  (Gundobin  and  Hartge).4 

As  a  result  of  these  observations,  the  following  facts  emerge  : — 

1.  New-born  dogs  possess  a  peripheral  inhibitory  apparatus. 

2.  The  heart  muscle  of  the  new-born  possesses  a  special  vitality. 
After  cessation  of  breathing,  the  heart  of  young  dogs  continues  to 
beat  for  a  considerable  time,  during  which  any  artificial  stimulation, 
such  as  compression  of  the  organ  with  the  fingers,  is  capable  of 
reviving  a  dying  contraction. 

Action  of  Vagus  Nerve  on  the  Foetal  Heart. 

Soltmann 5  was  the  first  to  show  that  even  strong  electrical 
stimulation  of  the  vagus  failed  to  bring  the  foetal  heart  of  dogs,  cats, 
and  rabbits  to  a  standstill.  Tarchanoff,  Langendorff,  Bochefontaine, 
and  others,6  however,  working  on  guinea-pigs,  have  succeeded  in 

1  Gaz.  Med. ,  1877. 

2  Gaz.  de  Paris ,  1878. 

Breslauer  Arzth.  Zeitschr . ,  1879. 

4  Gundobin,  op.  cit.,  p.  113. 

5  Jahrb.  f.  Kinder heilk,  1877. 

6  Gaz.  Med.  de  Paris ,  vii.,  1878. 
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obtaining  a  slowing  and  even  a  diastolic  stoppage  of  the  heart  in  the 
new-born  animals.  Kehrer1  states  that  in  very  young  rabbits 
compression  of  the  skull  with  the  fingers  gives  rise  to  a  slowing  of 
the  heart,  but  that  such  slowing  does  not  occur  after  section  of  the 
vagus. 

Hartge 2  confirms  the  presence  of  vagus  inhibition  in  the  hearts 
of  new-born  animals.  He  found  that  the  ease  with  which  vagus 
inhibition  can  be  induced  varied  inversely  with  the  respiratory 
strength  and  the  cardiac  rapidity.  Section  of  both  vagi  did  not 
evoke  an  acceleration  of  the  beat  in  dogs  under  two  months  old, 
and  stimulation  of  the  central  end  of  the  cut  vagus  did  not  cause 
a  slowing  of  the  heart,  although  Meyer  found  this  to  be  the  case  in 
new-born  puppies. 

It  follows,  therefore,  that  in  foetal  dogs  the  inhibitory  fibres  of 
the  vagus  are  susceptible  to  stimuli,  but  that  at  the  same  time  the 
conductivity  of  such  impulses  is  slow.  rfhis  rule  applies  to  all 
nerves  of  the  new-born  infant  (see  p.  229). 

Microscopic  Structure  of  the  Vagus. 

Histological  examination  of  the  vagus  in  new-born  animals  shows 
that  the  individual  fibres  have  slight  tortuosities  and  varicosities,  and 
that  the  number  of  medullated  fibres  is  very  small.  They,  however, 
markedly  increase  in  number  during  the  first  few  days,  and  at  the 
beginning  of  the  second  month  the  nerve  appears  to  be  perfectly 
mature.3 

Factors  which  Influence  the  Foetal  Pulse  Rate. 

1.  Foetal  Activity . — During  foetal  movements  the  pulse  rate  is 
increased. 

2.  Sex  and  Size. — (Seep.  158.) 

3.  Labour  Pains. — Legumeau,  in  1822,  first  observed  that  during 
labour  pains  the  foetal  heart  beat  not  only  becomes  slower,  but  is  of 
lower  intensity  of  sound.  This  observation,  however,  is  not 
universally  true,  for  in  some  cases  there  is  either  no  difference  or 
there  is  an  actual  acceleration  of  the  pulse. 

For  a  discussion  of  the  various  theories  advanced  to  explain  the 
supposed  retardation  of  the  cardiac  rhythm  during  a  labour  pain  the 
reader  is  referred  to  Preyer’s  “  Specielle  Physiologie  des  Embryo,” 
Leipzig,  1885,  pp.  58-68. 

1  Quoted  by  Preyer,  op.  cit.,  p.  57. 

2  Obosrenic  Psychiatr  (Russian),  1903. 

3  Arch.  f.  Physiol . ,  1893. 
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Foetal  Electro-Cardiography. 

(For  the  theory  of  electro-cardiography,  see  p.  438.) 

The  embryological  and  anatomical  data  make  one  expect  that  the 
embryonic  and  foetal  electro-cardiogram  would  present  certain 
interesting  peculiarities.  We  have  seen  that  the  heart  first  appears 
as  a  simple  contractile  tube  in  which  a  uniform  wave  propagates 
itself;  it  then  twists  upon  itself  into  an  S-shape,  and  later  divides 
itself  into  several  physiological  segments,  viz.,  sinus  venosus,  auricles, 
ventricles,  and  bulbus  arteriosus,  which  contract  successively,  and 
are  separated  by  points  of  lesser  conductivity,  where  the  wave 
undergoes  a  retardation  or  stoppage.  Hence,  the  electro-cardiogram 
of  the  embryonic  heart  ought  to  show  some  variations  of  interest. 
Gluzet  and  Sarvonate1  took  the  electro-cardiograms  of  chick  embryos 
at  various  stages  of  incubation  between  the  fifty-second  hour  and 
fourteen  days,  at  which  latter  date  the  tracing  assumes  the  characters 
of  that  of  an  adult  heart.  They  found  the  following  results  in 
agreement  with  what  one  would  expect : — 

At  first  there  is  a  single  wave,  later  it  becomes  double ,  and  finally, 
triple.  There  is  no  diphasic  change  until  muscular  tissue  is  formed. 
At  this  period  the  relatively  badly  conducting  auriculo-ventricular 
bundle  (see  Chap.  XXX.)  begins  to  be  differentiated.  Kraus  and 
Nicolai  took  electro-cardiographic  tracings  of  pregnant  women,  and 
found  that  the  tracing  of  the  foetus’  heart  was  superimposed  upon 
that  of  the  mother’s,  and  could  thus  be  analysed,  but  Russell  Wells 
was  unable  to  verify  these  results.2 

Krumbhaar  and  Jenks3  took  electro-cardiographic  tracings  of  the 
foetal  heart  just  before  and  just  after  the  cord  was  cut.  These  showed 
that  the  heart  acted  much  better  just  before  the  cord  was  cut  than  for 
a  time  afterwards.  Thus  they  give  the  following  table  showing  the 
heights  of  the  various  waves  in  the  three  leads  before  and  after 
cutting  the  cord 4 : — 


P. 

Q. 

R. 

s. 

T.  1 

1 

•2 

3 

1 

2 

3 

1 

2 

3 

1  2 

I 

3 

1 

2 

3 

Before  cord 

•1 

.  .  . 

.  .  . 

0*05 

.  .  . 

•  •  . 

•6 

•  •  . 

.  .  . 

I 

1*4  ... 

.  .  . 

•2 

... 

.  .  . 

After  cord  - 

0-5 

•1 

•1 

0 

0 

•6 

•4 

1-2 

1-7 

•8  ;  -6 

"1 

•1 

1 

0 

1  Journ.  de  Physiol,  et  de  Pathol.  Generate,  Sept.  1915,  p.  802. 

-  Unpublished  investigations  communicated  to  the  author  by  Dr  Russell  Wells. 

3  Heart ,  vi.,  1917. 

4  For  the  meaning  of  the  letters  1’,  Q,  R,  S,  T,  see  Chap.  XXX.,  p.  441. 
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There  was  a  preponderance  of  the  right  ventricle  at  birth  which 
persisted  up  to  six  or  eight  weeks.  This  would  be  accounted  for 
both  by  the  greater  thickness  of  the  right  ventricle  as  well  as  by  the 
more  horizontal  position  of  the  whole  heart  of  the  foetus  (see  p.  425). 

The  Pre-Natal  Lymph  Circulation. 

Notwithstanding  the  fact  that  lymphatic  glands  and  vessels 
cannot  be  recognised  in  the  foetus  till  a  comparatively  late  period  in 
its  development  there  can  be  little  doubt  that  lymph  circulates  even 
in  the  early  embryonic  stages. 

According  to  Schlossberger  1  the  excess  of  water  in  embryonic 
tissues  must,  in  part,  be  attributed  to  the  presence  of  tissue  lymph. 
Wiener 2  demonstrated  experimentally  the  active  circulation  of 
lymph  in  the  foetus  : — 

(i.)  He  injected  some  sulpho-indigotate  of  soda  into  the 
subcutaneous  tissues  of  the  foetal  rabbit  or  pup,  and  after  a  short 
(unstated)  interval  could  detect  it  in  the  urinary  bladder. 

(ii.)  Further,  subcutaneous  injection  of  a  watery  solution  of 
glycerine  in  the  foetal  rabbit  resulted  in  the  appearance  of  haemo- 
globinuria  after  an  interval  of  1-1J  hours,  so  that  the  renal  pelvis 
as  well  as  convoluted  tubules  were  filled  with  haemoglobin. 

(iii.)  Wiener  also  injected  some  olive  oil  into  the  peritoneal 
cavity  of  foetal  animals,  and  after  7-16  hours  found  the  presence  of 
oil  in  various  organs,  including  the  diaphragm. 

(iv.)  Injection  of  5-10  per  cent,  solutions  of  K4Fe(CN)6  into 
the  amniotic  sac  resulted  in  a  few  swallowing  movements,  with  the 
appearance  of  the  salt  (as  detected  by  means  of  Fe2Cl6)  in  the 
various  tissues  of  the  foetus,  including  the  walls  of  the  stomach  and 
intestines,  the  mesentery,  the  skin,  and  the  kidneys,  after  an  interval 
of  2-3  hours.  This  experiment  clearly  demonstrates  lymphatic 
absorption  through  the  gastro-intestinal  tract. 

1  “  On  the  Chemistry  of  Foetal  Life.  ”  Report  of  the  Twenty-Fifth  Meeting 
of  the  British  Association,  London,  1856,  ii.  135. 

2  CentralbL  f.  Gynlik . ,  1883,  No.  26. 
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FCETAL  BLOOD 

“  Neither  can  I  agree  with  Aristotle  himself,  who  maintains  that  the  heart  is 
the  first  engendered  and  animated  part,  for  I  think  that  the  privilege  of  priority 
belongs  to  the  blood  alone,  the  blood  being  that  which  is  first  seen  of  the  newly 
engendered  being,  not  only  in  the  chick  in  ovo,  but  in  the  embryo  of  every  animal 
whatsoever.”  Harvey,  on  “Generation,”  Exercise  51. 

Methods  of  Study. 

Foetal  blood  has  been  studied  by  the  following  methods  : — 

(( a )  Examination  of  the  blood  obtained  from  the  body  or  from 
the  umbilical  cord  of  the  full-term  foetus  at  birth  or  immediately 
after. 

(b)  Examination  of  the  blood  of  the  premature  foetus  in  cases  of 
abortion  or  miscarriage  at  various  stages  of  pregnancy. 

(c)  Examination  of  the  blood  of  animal  foetuses  in  different  stages 
of  development. 

Physical  and  Chemical  Characters. 

Foetal  blood,  like  the  blood  in  post-natal  life,  consists  of  plasma 
and  of  corpuscles.  The  plasma  is  composed  of  serum  and  fibrin,  and 
the  corpuscles  are  of  two  kinds,  red  and  white. 

Colour. — Foetal  blood  is  of  a  darker  colour  than  that  of  the 
infant  or  adult,  on  account  of  its  higher  haemoglobin  content. 

Specific  Gravity ,  at  birth,  is  106T6,  i.e.,  about  the  same  as  the 
specific  gravity  of  the  blood  of  an  adult  man,  but  somewhat  higher 
than  that  of  the  pregnant  mother.  The  specific  gravity  of  the  plasma 
is  1028-5. 

Viscosity  (as  measured  by  the  time  required  for  a  given  bulk 
of  blood  to  flow  through  a  small  opening  or  capillary  tube  under 
constant  temperature). — As  viscosity  partly  depends  on  the  percentage 
of  cellular  elements  in  blood,  foetal  blood  ought,  theoretically,  to  have 
a  relatively  high  viscosity  coefficient,  because  of  the  great  number  of 
corpuscles  it  contains.  The  researches  of  W.  Hess,1  Bififi  and  Galli,2 

1  Arch.  f.  Klin.  Med.,  vol.  lxxix.,  1904. 

2  Riv.  d.  Clin.  Pediatr . ,  vol.  vi.,  No.  1. 
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and  Amerling1  have  confirmed  this  theoretical  expectation.  The 
following  table  is  compiled  from  the  results  of  these  observers  : — 


Age. 

Viscosity. 

Maximum. 

Minimum. 

Average. 

At  birth 

10-6 

4-4 

4*4 

6  months  to  10  years  - 

4-5 

3-1 

3-89 

Adult  ----- 

5-5 

4-4 

5 

Coagulcitio?i  Time . — As  clotting  is  due  to  the  formation  of  fibrin, 
it  is  clear  that  the  time  taken  for  a  specimen  of  blood  to  clot  ought 
to  vary  inversely  with  the  amount  of  fibrin  that  specimen  contains. 

Now,  according  to  Scherenziss,2  the  relation  between  the  fibrin 
content  of  foetal  and  maternal  bloods  is  2:7;  therefore  one  ought 
to  find  the  coagulation  time  of  foetal  blood  to  be  higher  than  that 
of  an  adult.  This  has  been  found  to  be  the  case.  Thus,  while  in 
the  human  adult  coagulation  commences  in  3^-4  min.  and  is 
complete  in  7-10  min.  (so  that  the  process  lasts  about  5  min.), 
Kruger 3  found  that  at  birth  clotting  begins  in  45  sec.  and  is  not 
complete  before  1S±-  min.,  the  whole  process  lasting  no  less  than 
18  min.  But  see  p.  413. 

Reaction. — There  are  two  methods  of  estimating  the  reaction  of 
a  fluid.  The  older  method  consists  in  titrating  the  fluid  with  a  weak 
acid  or  alkali;  litmus  being  used  as  an  indicator.  In  this  way  it 
was  found  by  Behrend4  that  at  birth,  and  during  the  first  few  days 
after  birth,  the  alkalinity  of  the  blood  is  70-80  per  cent,  that 
of  adult  blood.  The  modern  method  of  estimating  acidity  or  alka¬ 
linity  of  a  fluid  is  based  on  the  dissociation  theory  of  solutions. 
A  liquid  is  acid  or  alkaline  according  as  to  whether  the  H  ions  or 
the  OH  ions  in  it  are  in  excess.  When  the  concentration  of  the  two 
ions  is  equal  the  solution  is  neutral.  The  strength  of  an  HNCb 
solution,  for  instance,  is  proportional  to  the  number  of  H  ions  in 
the  solution,  and  the  alkalinity  of  a  solution  of  KOH  is  proportional 
to  the  number  of  OH  ions.  The  electrical  methods  used  in  deter¬ 
mining  this  concentration  need  not  detain  us  here;  suffice  it  to  say 
that  in  a  neutral  liquid  such  as  pure  water  the  H  ion  concentration 

J  Quoted  by  Gundobin,  op.  cit. ,  p.  200. 

2  Inaug.  Dissert.,  Dorpat,  1888. 

3  See  Vierordt’s  “  Tabellen,”  pp.  202,  203. 

4  Quoted  by  Gundobin,  op.  cit.,  p.  199. 


1 66  PRINCIPLES  OF  CHILD  PHYSIOLOGY 


(CH)=10~7  gm.  hydrogen  per  litre,  or  simply  10-7.  For  adult 
blood  CH  lies  between  0-35  x  10~7  and  0-49  x  10~7,  i.e.,  less  than  a 
neutral  liquid,  and  is  therefore  alkaline. 

Pfaundler1  found  by  means  of  this  H  ion  method  that  in 
premature  and  atrophic  infants  the  alkalinity  is  diminished. 

It  is  customary  now  to  express  the  H  ion  concentration  in  terms  of  the 
logarithms  of  the  figures  giving  the  concentration,  i.e.,  in  terms  of  the  hydrogen 
exponent  Ph-  Thus  the  H  ion  concentration  of  a  neutral  fluid  is  -  7  because 
log  10-7=  -7. 

For  blood  we  have — 


Log  0*35  x  10~7  =  log  0*35  + log  10 
,  35  n 

=1°groo“7 


=  log  35  -  log  100  -  7 
—  log  35-2  7 
=  log  35  -  9 
=  log  5  +  log  7-9 
=  0-7  +  0-85-9 
=  -7-45. 

Similarlv  log  0*49  x  10-7  — 2  log  7-9 

=  1-69-9 
=  -7*31. 


Omitting  the  minus  sign  we  have  for  neutral  liquids,  the  reaction  is  7  ;  for 
blood,  the  reaction  is  7  ’45  or  7*31.  This  is  Sorensen’s  terminology,  and  is 
written  as  follows:  Ph  — 7*31  to  7*45.  The  higher  the  acidity  the  lower  is  the 
value  of  PH. 

Ylppo2  found  PH  for  premature  infants  to  be  6 *2-6 *7. 


The  Range  of  C02  Adjustment  of  the  Blood. a 

By  the  range  of  C02  adjustment  of  the  blood  is  meant  the 
difference  between  the  values  of  PH  for  ordinary  blood  ( =  Actual  PI{) 
and  of  blood  deprived  of  its  C02  (=  Basal  PH).  Thus  in  the  case 
of  normal  adult  blood  the  following  values  have  been  found  : — 

Basal  PH  {i.e.,  of  C02 — free  blood)  -  =8-45  (average). 
Actual  PH  {i.e.,  of_C02— containing  blood)  =7*45  (average). 


Average  difference  -  =  1  per  cent. 

If  we  designate  this  normal  range  as  100,  then  one  can  express  the 
range  in  any  given  case  as  a  percentage  of  the  normal.  Thus  in  a 
very  acidotic  infant,  the  blood  taken  from  the  superior  longitudinal 
sinus  a  day  before  death  gave  the  following  results  : — 

Basal  PH  -  -  -  =7-73 

Actual  PH  -  -  -  =7-50 


Difference  -  -  =  -23 

i.e.,  the  range  of  C02  adjustment  =  23  per  cent,  of  normal. 

1  Arch.  f.  Kinderheilk,  41,  1905. 

2  Zeitschr. f.  Kinderheilk ,  14,  1916. 

2  See  A.  Ylppo,  Zeitschr.  f  Kinderheilk,  14,  1916,  pp.  285  and  303. 
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As  the  basal  acidity  is  due  to  the  non-volatile  acid  compounds 
found  in  the  blood,  it  is  clear  that  the  greater  the  quantity  of  these 
acids,  the  greater  will  be  the  basal  acidity,  and,  therefore,  the  less  the 
basal  PH  of  the  blood,  and  consequently  also  the  less  the  range  of 
COo  adjustment. 


The  Values  of  jPh  and  of  the  Range  of  CO.,  Adjustment  in  the 
Infant  and  Adult. 

Ylppo  gives  the  following  figures  : — 


Adult. 

New-born. 

Actual  PH  - 
Basal  PH  - 

Range  of  CO.,  adjustment  - 

7- 35  (7-25-7*35) 

8- 35 

100  per  cent. 

7- 35  (7-25-7*35) 

8- 0 

65  per  cent. 

These  figures  show  that  in  the  blood  of  the  new-born  infant 
there  is  an  excess  of  non-volatile  acid  compounds.  One  may, 
therefore,  legitimately  speak  of  an  acid  intoxication ,  or  acidosis 
of  birth. 

Numbers  and  Characters  of  Corpuscles. 

(A)  Red  (Erythrocytes). 

(a)  Number. — The  observations  of  all  investigators  agree  that 
erythrocytes  are  found  in  larger  numbers  in  foetal  blood  than  in 
post-natal  life.  Thus,  whilst  adult  blood  contains  on  an  average 
5,000,000  red  cells  per  cub.  mm.,  an  average  foetus  at  birth  contains 
5,500,000  to  6,000,000  red  cells  per  cub.  mm.  Indeed,  Woino- 
Oranski1  counted  as  many  as  8,300,000,  and  Biffi  and  Galli2  give 
7,000,000  as  the  average.  According  to  Gundobin  there  is  no 
relation  between  the  weight  of  the  full-term  foetus  and  the  number 
of  red  cells  per  cubic  millimetre  of  its  blood — as  had  been  believed 
to  exist  by  Hayem  and  Lepine — although  the  polycythemia  is  more 
marked  in  premature  foetuses.  In  an  eighth  month  foetus,  for 
instance,  the  number  of  red  cells  is,  according  to  Bidone  and 
Gardini,3  8,240,823  per  cub.  mm.  The  polycythemia  generally 
increases  during  the  first  couple  of  days  after  birth,  probably  on 
account  of  the  greater  concentration  of  the  blood  resulting  from  the 

1  Inaug.  Dissert.,  St  Petersburg,  1892. 

2  Kiv.  d.  Clin.  Fed. ,  1909. 

3  Arch.  Ital.  de  Biol.,  xxxii.,  1899,  36. 
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state  of  starvation  (with  loss  of  water)  through  which  the  infant 
passes. 

Factors  Affecting  the  Number  of  Red  Cells  at  Birth. 

1.  The  number  of  red  cells  at  birth  varies  with  the  time  at  which 
the  cord  has  been  tied.  Late  tying  of  the  cord  increases  not  only 
the  total  amount  of  blood  in  the  infant,  but  also  increases  the 
number  of  red  cells  per  cubic  millimetre.  Thus  Woino-Oranski 1 
found  that  in  the  case  of  early  tying  of  the  cord,  the  red  cells 
numbered  3,200,000,  but  that  after  twenty-four  hours  they  rose  to 
4,980,000  per  cub.  mm. 

Schiff  gives  similar  results. 

2.  Asphyxia  of  the  child  at  birth  increases  the  number  of  red 
cells  per  cubic  millimetre. 

3.  Sex  and  weight  probably  have  no  influence,  although,  accord¬ 
ing  to  some  observers,  male  foetuses  have  a  relatively  larger  number 
of  red  cells  than  female. 

4.  State  of  the  Material  Blood. — This  does  not  seem  to  have 
any  effect  upon  the  corpuscular  richness  of  the  foetal  blood.  Thus, 
although  the  number  of  red  cells  in  the  maternal  blood  does  not, 
as  a  rule,  vary  during  the  period  of  pregnancy,  yet  the  premature 
foetus  has  a  greater  degree  of  polycythemia  than  has  the  foetus  at 
full  term. 

5.  Extra-uterine  Environment. — Schtchukin,2  experimenting  on 
a  pregnant  bitch,  artificially  removed  two  foetuses.  The  third  was 
naturally  born  the  next  morning,  and  the  fourth  was  born  soon 
after  the  third.  He  found  that  whilst  the  third  foetus  had  7,000,000 
red  cells  and  5,000  whites,  the  fourth  had  5,000,000  reds  and  3,000 
whites,  showing  that  six  hours  of  extra-uterine  life  changed  the 
character  of  the  blood  (and  hence  also  its  general  metabolism)  more 
than  a  whole  day’s  intra-uterine  life. 

if)  Character  of  the  Red  Cells. 

The  size  and  shape  vary. 

Nticleated  red  cells  vary  in  number  in  inverse  proportion  to  the 
age  of  the  foetus.  Thus  Schtchukin,3  working  on  the  blood  of 
animal  foetuses  in  different  stages  of  development,  found  the  follow¬ 
ing  results : — 

In  the  very  early  embryonic  period,  before  the  extremities  have 
yet  been  formed,  all  the  cells  are  nucleated,  and  contain  haemoglobin. 
There  are  no  leucocytes  and  no  non-nucleated  red  cells.  As  the 

1  Loc.  cit. 

2  Inaug.  Dissert.,  St  Petersburg,  1904. 

3  Loc.  cit. 
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organism  develops  non-nucleated  erythrocytes  appear,  and  the  pro¬ 
portion  between  them  and  the  nucleated  variety  gradually  grows, 
until  at  birth  practically  all  the  nucleated  red  cells  have  dis¬ 
appeared. 

In  the  human  foetus,  normoblasts  (i.e.,  nucleated  red  cells)  are 
the  prevailing  cells  in  the  seventh  month,  but  at  birth  they  have 
practically  disappeared,  their  numbers  being  no  more  than  about 
1,000  to  2,000  per  cub.  mm. 

In  cases  of  congenital  heart  disease,  however,  they  are  found  in 
considerable  numbers. 

Basophil  Erythrocytes. — Erythrocytes  which  have  granules  that 
stain  with  basic  dyes  like  methylene  blue,  are  sometimes  found  in 
foetal  blood. 

( B )  White  (Leucocytes). 

The  following  table  compares  the  percentages  of  the  various  white 
cells  as  well  as  the  total  number  of  leucocytes  in  adult  blood  and  in 
blood  at  birth  : — 


Adult. 

Foetus. 

Polymorphonuclear 

Per  Cent. 

65 

Per  Cent. 

75 

Lymphocytes  - 

30 

16 

Eosinophiles  - 

3 

2 

Total  number  of  white  cells  - 

8,000 

18,000-20,000 

Corpuscular  ratio,  i.e.,  white  :  red  - 

1  :  625 

1  ;  217 

Schtchukin’s  examinations  of  blood  in  animals  at  different  stages 
of  pre-natal  development  have  given  the  following  results  1 : — 

1.  In  the  very  early  stages  of  intra-uterine  life,  before  the 
extremities  have  begun  to  develop,  the  only  kind  of  cell  that  is  found 
in  the  blood  is  the  nucleated  erythrocyte  to  the  extent  of  300,000 
per  cub.  mm. 

2.  When  the  limbs  have  begun  to  grow  out  large  lymphocytes, 
as  well  as  polymorphonuclear  cells,  make  their  appearance,  and  the 
place  of  nucleated  red  cells  is  largely  taken  by  the  non-nucleated 
variety  of  the  post-natal  type.  The  proportion  of  the  non-nucleated 
to  nucleated  red  cells  at  this  stage  is  1,000,000  : 400,000. 

3.  In  the  pre-medullary  period,  when  the  dog  foetus  is  4  cm.  long 
and  2  gm.  in  weight,  the  blood  has  a  haemoglobin  content  of  40  per 
cent,  (according  to  Tolquist).  The  proportion  of  non-nucleated  to 

1  Loc.  cit. 
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nucleated  red  cells  is  1-2  millions  non-nucleated  :  20-50  thousand 
nucleated  per  cub.  mm.  There  is  an  increased-  number  of  large 
lymphocytes.  The  size  of  the  cells  (red  or  white)  is  16-18  /jl. 

4.  In  the  medullary  period,  when  the  dog  foetus  is  26-41  cm. 
long,  the  neutrophil  cells  first  make  their  appearance.  The  white 
cells  are  found  to  the  extent  of  1,500-2,500  per  cub.  mm.,  and  the 
lymphocytes  are  present  in  preponderating  numbers.  The  total 
number  of  red  cells  is  1J-2  millions  per  cub.  mm.,  of  which  only 
2-5  thousand  are  nucleated.  The  dimensions  of  the  erythrocytes 
become  normal,  and  their  haemoglobin  content  rises  to  50-60  per 
cent. 

5.  When  the  dog  foetus  has  begun  to  move  its  limbs  the  white 
cells  become  increased  to  between  3,000  and  5,000.  The  small 
lymphocytes  make  their  appearance.  Of  the  individual  leucocytes 
the  neutrophils  are  found  in  largest  numbers,  constituting  40-50 
per  cent,  of  the  total  white  cells.  The  red  cells  rise  in  number  to 
between  5  and  6  millions  per  cub.  mm.,  and  the  haemoglobin 
content  rises  to  between  90  and  100  per  cent.  (See  further,  Chap. 
XXIX.,  p.  416  etseg.) 

Origin  of  Foetal  Corpuscles. 

1.  Liver. — This  organ  seems  to  be  concerned  with  the  formation 
of  both  red  and  white  blood  corpuscles  (see  p.  470). 

2.  Spleen. — The  pulp  gives  rise  to  red  cells,  and  the  Malpighian 
corpuscles  to  white. 

3.  Thymus — which  is  the  seat  of  formation  of  white  corpuscles. 

4.  Possibly  there  may  be  a  physiological  transference  of  white 
cells  from  the  blood  of  the  mother  to  that  of  the  foetus .  This  view  is 
favoured  by  the  observation  of  Varaldo  already  recorded,  that  the 
blood  of  the  umbilical  vein  contains  more  leucocytes  than  that  of 
the  umbilical  arteries  (see  pp.  128  and  129). 

The  Average  Co?nposition  of  Foetal  Blood  is  given  by  Sfameni  as 
follows  1 : — 

Water  -  78*52  per  cent. 

Solids  -  -  -  -  21*47  ,, 


Organic 

20*72  per  cent 

Inorganic 

0-74  „ 

Soluble  salts 

0-62  „ 

Insoluble  salts 

0-12 

Haemoglobin. — All  observers,  with  the  exception  of  Scherenziss,- 
are  agreed  that  foetal  blood  at  birth  has  a  high  haemoglobin  content. 
1  Ann.  di  Oslet.,  xxi.,  1899,  p.  851.  2  Inaug.  Dissert.,  Dorpat,  1888. 
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According  to  Engelsen 1  this  high  percentage  of  haemoglobin  is 
due  not  only  to  the  great  number  of  red  cells,  but  also  to  the 
richness  of  each  individual  corpuscle  in  that  pigment  (see  p.  172). 
Bidone  and  Gardini 2  give  the  percentage  of  haemoglobin  in  full- 
term  foetuses  (as  measured  by  Fleischl’s  haemometer)  as  120°,  and 
in  premature  foetuses  as  125°. 

Recently  Williamson  3  examined  the  haemoglobin  content  of  the 
blood  at  birth  spectrophotometrically,  by  placing  the  little  finger  of 
the  foetus  in  front  of  the  slit  of  a  spectroscope.  He  found  that  after 
birth  the  percentage  of  haemoglobin  begins  to  diminish  at  once, 
but  not  so  rapidly  as  after  the  second  week.  At  birth  the  normal 
content  is  36  per  cent,  greater  than  in  the  adult,  and  at  about  two 
or  three  months  it  is  equal  to  that  of  the  adult.  At  birth  there  is 
an  absorption  spectrum,  not  only  in  the  red  and  orange,  but  also  in 
the  green  and  blue,  whilst  the  two  absorption  bands  are  not 
distinctly  separated  from  each  other,  but  fuse  into  one  dark  broad 
band.  The  two  bands  of  oxyhemoglobin  can,  however,  be  well 
seen  in  the  ear  of  the  new-born. 

Colour  Index. — By  this  is  meant  the  ratio  of  the  percentage  of 
hemoglobin  to  the  percentage  number  of  corpuscles  in  a  given 
specimen  of  blood  (taking  the  corresponding  numbers,  i.e.,  100  per 
cent,  hemoglobin,  and  5  millions  red  corpuscles  per  cub.  mm. 
in  the  normal  adult  blood  as  the  units).  This  ratio  expresses  the 
relative  amount  of  hemoglobin  in  each  corpuscle. 

E.g.,  a  specimen  of  blood  has  a  hemoglobin  percentage  of  60, 
and  a  corpuscle  count  of  4  millions.  What  is  its  colour  index? 
Since  4  millions  =  80  per  cent,  of  5  millions, 


f~\  i  •  j  ,  •  ,  percent,  of  hemoglobin 
Colour  index  which  =  ±- — - e - 

per  cent,  of  corpuscles 
60 
80 


0-75 


In  this  way  it  has  been  found  from  a  large  number  of  examinations 
that  in  fcetal  blood  at  birth  the  colour  index  ( C .  /.)  =  1T  (/.<?.,  each 
corpuscle  contains  10  per  cent,  more  hemoglobin  than  in  the  adult). 

A  colour  index  greater  than  1  is  found  in  pernicious  anemia,  and 
of  less  than  1  in  chlorosis.  Therefore,  one  may  say  that  the  fcetal 
colour  index  is  of  the  pernicious  anemia  type. 

The  hemoglobin  is  less  firmly  bound  in  foetal  than  in  post-natal 
blood,  and  the  foetal  oxyhemoglobin  is  less  easily  reducible  than  the 
maternal. 

1  Virch.  Jahrb.,  1894. 

2  Riforma  Medica,  1898,  Nr.  239-240. 

J  Journ.  Amer.  Med.  Assoc.,  lxv. ,  1915,  302. 
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The  Total  Respiratory  Capacity ,  /.<?.,  the  amount  of  oxygen  that 
all  the  blood  can  absorb,  has  been  found  by  Nicloux 1  to  be  the 
same  between  the  sixth  month  and  full  term. 

The  Oxygen  Dissociation  Curve  of  Blood  (Fig.  47). 

This  is  a  curve  obtained  by  taking  the  amount  of  02  combined 
with  100  c.c.  of  blood  as  ordinates  (  =  percentage  saturation)  and 
the  partial  pressure  of  the  oxygen  as  abscissa. 

Barcroft 2  found  that  this  curve  is  modified  by  (amongst  other 
factors,  such  as  temperature,  etc.)  the  H  ion  concentration  of  the 
blood.  The  greater  the  CH  (or  the  less  the  PH),  the  less  the  amount 


Fig.  47- — Oxygen  Dissociation  Curves  of  Adults,  New-born 

and  Premature  Infants. 

of  00  combined  with  the  blood.  Therefore  the  02  dissociation  curve 
is  a  measure  of  CH  or  PH. 

Ylppo 3  found  that  the  02  dissociation  curve  of  the  blood  of  new¬ 
born  infants  is  lower  and  flatter  than  that  of  an  adult,  again  indicating 
an  acidosis  of  birth.  The  curve  gradually  rises  from  birth  onwards, 
until  at  about  two  months  it  becomes  practically  identical  with  that 
of  the  adult  (see  Fig.  47). 

Chemical  Analysis. 

Karnitzki4  made  an  extensive  review  of  the  various  researches 
that  were  made  on  foetal  bloods  by  investigators  like  Denis,  Panum, 

1  Compt.  rend.  Soc.  de  biol.  de  Paris,  liii. ,  1901,  p.  120. 

3  “The  Respiratory  Function  of  the  Blood,”  Cambridge,  1914. 

3  Zeitschr.  f.  Kinderheilk,  14,  1916,  p.  305. 

4  “  Physiol.  Chem.  Observations  on  Foetal  Bloods.”  Isvest.  Voien.  Mediz. 
Akad.,  St  Petersburg,  1903  (Russian). 
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Poggiale,  Andral,  Gavarret,  Kruger,  Scherenziss,  Winternitz, 
Cohnstein  and  Zunz,  and  Bidone  and  Gardini,  and  came  to  the 
following  results : — 

1.  Specific  gravity,  106 1  ‘6  (see  p.  164),  i.e.,  higher  than  that  of 
maternal  blood,  although  foetal  blood  contains  more  water. 

2.  The  haemoglobin  content  is  14*27  per  cent,  (according  to 
Gian),  and  is  greater  than  in  the  pregnant  mother. 

3.  The  iron  content  is  0*0512  per  cent.,  and  is  higher  than  in 
maternal  blood.  According  to  Hugounenq  (see  Chap.  IX., 
p.  130),  from  50-60  per  cent,  of  the  total  amount  of  iron  in  the 
foetal  body  is  in  the  blood. 

4.  The  amount  of  solids  in  foetal  blood  is  23*864  per  cent.,  and 
in  the  plasma  8*7388  per  cent.  The  solids  in  the  red  cells  constitute 
37*3038  per  cent. 

5.  Foetal  blood  at  the  moment  of  birth  is  very  rich  in  stroma 
(10*42  per  cent,  by  weight  of  red  cells). 

6.  The  amount  of  insoluble  salts  is  0*3651  per  cent.,  which  is 
double  as  much  as  in  adult  blood. 

The  plasma  contains  the  same  amount  of  insoluble  salts  in  the 
fcetus  as  in  the  adult,  viz.,  0*1524  per  cent. 

7.  The  average  basic  content  (K  +  Na)  is  less,  and  the  average 
chlorine  content  is  greater  than  in  adults. 

8.  Foetal  blood  is  richer  in  Na  and  poorer  in  K  than  in  adult 
blood. 

9.  The  amount  of  Na  +  K  which  is  uncombined  with  Cl  is  less  in 
fcetal  than  in  adult  blood. 

From  all  this  it  follows  that  foetal  blood  differs  very  much  from 
maternal  or  even  infantile  blood. 

To  these  results  one  may  add  the  following  : — 

10.  The  average  quantity  of  urea  is  0*215  per  1,000.  This 
bears  no  relation  to  the  development  or  sex  of  the  foetus,  or  to  the 
age  of  the  mother,  but  a  short  second  stage  of  labour  seems  to 
increase  the  amount  of  urea  in  the  foetal  blood.1 

11.  Glucose  is  found  in  greater  quantities  than  in  maternal  blood. 
This  is  a  point  in  favour  of  the  theory  of  the  selective  action  of  the 
placenta,  since  on  the  osmotic  theory  one  would  expect  such  a 
diffusible  substance  as  glucose  should  be  present  in  equal  quantities 
in  maternal  and  foetal  blood. 

12.  Nucleon,  or  phospho-carnic  acid,  is  found  in  double  as  great 
a  quantity  (0*216  per  cent.)  in  the  foetal  blood  as  in  the  placenta.2 

13.  Foetal  blood  is  poorer  in  protein  nitrogen,  as  well  as  in 

1  Cavazzani  and  Levi,  Ann.  di  Ostetr . ,  xvi.,  1894,  p.  56. 

2  Sfameni,  loc.  cit . ,  xxii.,  1900,  p.  1009. 
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complement,  agglutinative,  bactericidal,  and  immunising  bodies,  than 
maternal  blood.1 

Protective  Bodies  in  Foetal  Serum. 

If  the  red  blood  corpuscles  of  one  species  of  animal  (say  the  rabbit) 
be  added  to  the  serum  of  another  species  of  animal  (say  man,  dog, 
or  cat),  the  corpuscles  are  soon  destroyed,  with  the  liberation  of 
haemoglobin.  This  destructive  action  of  serum  upon  red  corpuscles 
is  called  hcemolysis .  Serum  has  a  similar  destructive  effect  on 
certain  bacteria  —  a  phenomenon  called  bacteriolysis.  These 
haemolytic  or  bacteriolytic  or  bactericidal  actions  of  serum  are  not 
due  to  differences  in  osmotic  pressure,  since  : — 

(a)  The  sera  of  nearly  all  mammals  have  the  same  osmotic 
pressure. 

(b)  Heating  the  serum  to  65°  C.  destroys  the  haemolytic  effect  of 
the  serum  without  changing  its  osmotic  pressure. 

It  is  therefore  concluded  that  these  effects  are  due  to  the  presence 
of  certain  substances,  called  antibodies  or  immunising  substances 
(haemolysins  or  bacteriolysins).  The  Widal  test  for  typhoid,  and  the 
Wassermann  test  for  syphilis,  as  well  as  the  precipitin  test  for 
human  blood,  depend  on  the  presence  of  these  antibodies  in  the 
serum.  (See  also  Abderhalden’s  test  for  pregnancy,  p.  257.) 

Klimoff2  investigated  the  effect  of  umbilical  blood  serum  on 
pure  cultures  of  Bacillus  typhosus ,  Bacillus  coli ,  diphtheria  bacillus, 
and  staphylococci,  and  he  found  that  the  addition  of  sufficient 
amounts  of  serum  inhibits  the  growth  of  these  organisms,  either 
stopping  their  growth  altogether,  by  breaking  up  the  organisms,  or 
diminishing  their  rate  of  growth.  This  bactericidal  or  bacteriolytic 
action  of  foetal  blood  is  less  powerful  than  in  the  case  of  adult  blood, 
a  fact  which  has  been  confirmed  by  the  researches  of  Halban  and 
Langstein,3  as  well  as  of  Schenk.4  This  fact  explains  the  greater 
susceptibility  of  the  new-born  infant  to  septic  processes. 

Of  still  greater  interest  is  the  work  of  Moro,5  who  has  shown  that, 
as  the  infant  is  put  to  the  breast,  the  bactericidal  power  of  its  serum 
begins  to  rise  gradually,  and  that  when  a  breast  baby  is  put  to  bottle 
feeding,  the  bactericidal  power  of  its  serum  drops  until  it  ultimately 
becomes  as  weak  as  that  of  foetal  serum.  These  observations  show 

1  Zangmeister  and  Meissl,  Munch.  Med.  Wochenschr ,  i.,  1903,  673. 

,J  “The  Bactericidal  and  Haemolytic  Properties  of  Foetal  Blood,”  Inaug. 
Dissert.,  St  Petersburg,  1907. 

:i  Munch.  Med.  Wochenschr .,  1902. 

4  Monatschr.  Geburtshilfe  und  Gyndk .,  1904,  vol.  xix. 

’  Ibid.,  1906. 
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that  immune  bodies  pass  from  the  mother  to  the  infant  through  the 
milk. 

As  regards  the  antitoxic  properties  of  foetal  serum,  Schenk  has 
shown  that  maternal  and  foetal  sera  are  equal  in  this  respect.  Schenk 
has  further  demonstrated  the  greater  rapidity  of  agglutination  of 
foetal  red  cells  by  rabbit’s  serum,  as  compared  with  those  of  the 
mother,  although  maternal  cells  require  a  smaller  quantity  of  rabbit’s 
serum  to  bring  about  agglutination. 

Romer 1  showed  that  in  new-born  animals  albumens  can  pass 
through  the  mucous  membrane  of  the  intestinal  tract,  whilst  in  the 
case  of  older  animals  the  albumens  are  broken  up  before  absorption. 
As  the  immunising  power  of  the  serum  of  the  new-born  animal  is 
very  feebly  developed  with  respect  to  foreign  proteins  (like  casein 
from  another  animal),  it  follows  that  if  the  casein  of  cow’s  milk 
happens  to  pass  through  the  mucous  membrane  of  the  infant’s 
digestive  tract  and  reaches  the  blood  unchanged,  it  acts  as  a  poison. 

Schkarin  2  has  shown  that  the  immunising  power  of  the  infant’s 
serum  against  foreign  proteins,  such  as  milk  of  other  animals, 
gradually  rises  if  the  infant  is  fed  on  the  breast.  He  proved  this 
by  injecting  subcutaneously  20-30  c.c.  of  cow’s  milk  (a  quantity 
easily  tolerated  by  older  animals)  into  rabbits  one  month  old,  when 
the  rabbits  died.3  Simultaneous  injection  of  the  same  quantity  of 
milk  into  rabbits  two  months  old,  some  of  which  were  breast-fed  and 
others  bottle  fed  with  cows’  milk,  showed  that  the  precipitin  action 
was  developed  first  in  the  breast-fed  then  in  the  artificially  fed  young 
rabbits.  The  antibodies  produced  in  the  older  breast-fed  animals, 
therefore,  protect  them  against  the  poisonous  effects  of  the  foreign 
albumens  introduced.  (See  further  under  the  serum  of  infants, 
Chap.  XXIX.,  p.  422.) 

Quantity  of  Blood  in  the  Body. 

The  total  quantity  of  blood  in  the  foetus  at  full  term  is  given 
differently  by  different  observers.  Welcker4  gives  it  as  A-  of  the 
body  weight  (that  of  the  adult  being,  according  to  the  same  observer, 
vs).  On  the  other  hand,  Schiicking 5  found  in  five  fresh  cadavera  of 
infants  an  average  of  JL.  The  quantity  varies  with  the  time  at 
which  the  cord  has  been  cut.  In  infants  separated  from  their 

1  Jahrb.  Kinderheilk ,  1906. 

2  Arch.  Kinderheilk ,  1907. 

;i  The  fallacy  in  this  experiment  is  that  20-30  c.c.  is  much  too  large  a  quantity 
to  use  for  a  one-month  rabbit. 

4  Zeitschr.  f.  rationelle  Medizin ,  3  Reihe,  iv.  Band,  1859,  p.  158. 

5  Berliner  Klinische  Wochenschr .,  16  Jahrgang,  1879,  p.  582. 
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mothers  immediately  after  birth  the  quantity  of  blood  may  be  as 
low  as  L  whilst  in  those  in  which  the  cord  is  tied  some  considerable 

56 

time  after  birth,  the  quantity  varies  from  H1  of  the  body  weight, 

with  an  average  of  1.  Schiickling  has  found  that  the  new-born  babe 

may  gain  as  much  as  100  gm.  of  blood  by  a  late  tying  of  the  cord, 
as  determined  by  the  amount  of  blood  that  can  be  squeezed  out  of 
the  separated  placenta. 

(For  the  effect  of  the  late  tying  of  the  cord  upon  the  number  of 
red  cells  in  the  blood  of  the  new  born  infant,  see  p.  168.) 

Cohnstein  and  Zuntz  determined  the  quantity  of  blood  in  foetal 
animals  as  follows  : — 

The  foetal  thorax  was  opened,  and  a  drop  of  blood  taken  from  the 
heart  was  mixed  with  3  per  cent,  saline,  and  the  number  of  red  cells 
in  the  diluted  blood  ascertained.  The  foetus  was  then  cut  up  and 
macerated  for  12-18  hours  with  3  per  cent,  saline.  The  extract 
was  decanted  and  the  residue  macerated  again.  This  was  repeated 
until  the  solution  was  no  more  blood-stained.  The  total  volume  of 
the  washings  was  ascertained,  and  the  number  of  red  cells  per  cubic 
millimetre  determined. 

The  volume  of  blood  in  the  foetus 

Number  of  red  cells  in  the  washings 
Number  of  red  cells  in  the  sample  drop 
A  similar  procedure  was  carried  out  with  the  placenta. 

The  following  example  from  an  actual  experiment  will  make  the 
method  clear : — 


Weight  of  rabbit  foetus  -  -  -  =45*862  gm. 

Number  of  red  cells  in  sample  drop  -  =4  millions  per  cub.  mm. 

After  treating  foetus  as  above,  the  volume 

of  the  washings  was  -  -  1,500  c.c. 


The  number  of  red  corpuscles 
washings  was 

.*.  Volume  of  blood  (in  foetus)  - 

Similarly,  washings  of  placenta  - 
and  number  of  red  cells  in  them 

.*.  Volume  of  blood  in  placenta 
.*.  Total  volume  of  blood 

This  =  4§S2Xl°°“8-37 


in  the 

9,000  per  cub.  mm. 

1500  x  1000x  9000 
“  4000000 

=  3*375  c.c.  -  -  (i) 

=  200  c.c. 

=  9,300  per  cub.  mm. 
200x  1000x  9300 
4000000 

=  0*4650  c.c.  -  -  (ii) 

=  3*84  c.c. 

per  cent,  of  weight  of  foetus. 
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Out  of  this  8-37  per  cent.,  the  foetus  contains 


3-375  x  100 
45-862 


=  7*36  per 


cent.,  and  the  placenta  contains 


0-465  x  100 
45-862“ 


=  1*01  per  cent. 


Haldane's  CO  Method  of  determining  the  quantity  of  blood  in 
living  man  has  given  the  number  as  the  weight  of  blood  in 
comparison  with  the  weight  of  the  body  in  the  adult.  Such  a  method 
cannot  obviously  be  applied  to  the  fcetus,  but  the  Vital  Red  Method 
of  Keith,  Rowntree,  and  Geraghty  1  is  one  which  lends  itself  for  use  in 
all  animals  at  all  ages.  This  method,  however,  has  so  far  not  been 
utilised  yet  for  the  purpose. 


The  Theoretical  Determination  of  the  Volume  of  Blood  in  the 
Fcetus. 


In  1910  Dreyer  and  Ray,2  as  the  result  of  many  experiments  on 
rabbits  and  guinea-pigs,  suggested  that  the  volume  of  blood  in 
mammals  is  a  function  of  the  surface  of  the  body. 

Thus  if  B  =  Volume  of  blood  in  c.c., 

W  =  Body  weight  in  grams, 

and  K  =  Constant  (which  is  different  for  different  species  of 
animals), 

Wn 

then  B  =  — . 

K 


Now,  since  surface  (S)  cc  L2  (where  L  =  linear  dimensions)  and 
weight  (YV)  or  volume  cc  L3, 

.-.  cc  L2  cc  S, 

o 

i.e.,  Ws  varies  as  the  surface  of  the  body,  and  hence  the  volume  of 

W3 

the  blood  which  =  —  is  a  function  of  the  surface  of  the  body. 

K 


From  this  formula  it  follows  that  the  smaller  the  individual  in  the 
same  species,  the  greater  proportionally  should  be  the  volume  of 
blood  in  its  body,  and  therefore  the  volume  of  blood  in  the  foetus  should 
theoretically  be  considerably  greater  proportionally  than  in  the  adult. 


1  Audi.  Int.  Med.,  xvi.,  1915. 

2  Phil,  Trans.,  201  B.,  133-160;  and  202  B.,  191-212. 


CHAPTER  XIII 


FCETAL  SECRETIONS 

“  Each  single  part  of  the  body  in  respect  of  its  nutrition,  stands  to  the  whole 
body  in  the  relation  of  an  excreting  [synon)mous  with  the  modern  term 
‘  secreting  ’]  organ.”  Caspar  Friedrich  Wolff. 

Secretions  in  the  foetus,  like  those  in  post-natal  life,  are  of  two 
kinds,  viz.,  external  and  internal. 

A.  External. — Under  this  heading  come  the  secretions  from  the 
various  digestive  glands. 

(a)  Salivary  Secretion 

1.  The  Development  and  Structure  of  the  Foetal  Salivary 
Secreting  Apparatus . — Chievitz  1  found  that  the  salivary  glands  begin 
to  develop  from  the  buccal  epithelium  during  the  second  month  of 
intra-uterine  life,  and  that  in  ten-weeks’  foetuses  it  is  possible  to 
extirpate  the  parotid  and  submaxillary  glands. 

At  the  beginning  of  their  development,  these  glands  consist  of 
thick  rows  of  epithelial  cells  in  which  lumina  are  afterwards  formed. 
Mucous  cells  can  be  seen  in  the  sublingual  gland  at  sixteen  weeks, 
and  in  the  submaxillary  gland  at  five  months.  Already,  as  early  as 
in  the  twenty-second  week,  a  lumen  could  be  seen  in  the  finest 
ramifications  of  the  salivary  glands.  These  investigations  have 
confirmed  the  earlier  observations  of  Danz  (in  1792)  and  Kruger, 
that  the  salivary  glands  functionate  even  during  intra-uterine  life. 
The  occasional  finding  of  salivary  calculi  in  foetal  salivary  ducts 
proves  this  conclusively. 

The  weights  of  the  salivary  glands  at  birth  vary  with  the  size 
and  general  development  of  the  foetus.  The  relative  weights  of  the 
parotid,  submaxillary  and  sublingual  glands  are  in  the  proportions 
2:1:  0-5.  There  is  approximately  the  same  relation  between  these 
glands  in  the  adult. 

Microscopic  Examination  of  the  Chorda  Tympani  shows  that  in 
the  foetus  at  term  there  are  still  many  fibres  which  have  no  myelin 
sheath,  showing  that  the  nervous  mechanism  of  salivary  secretion, 
though  present,  is  not  yet  perfect. 

1  Arch.  An  at.  n.  Entwickl .,  1855. 
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2.  The  Function  of  the  Salivary  Glands  in  the  Fcelus. — 
(a)  Schiffer,1  in  1872,  and  Korowin,2  in  1874,  demonstrated  the 
presence  of  a  saccharifying  substance  in  the  salivary  glands  of  infants 
at  birth.  Schiffer  allowed  these  babies  to  suck  little  muslin  bags  con¬ 
taining  mucilage  of  starch,  and  he  found  the  presence  of  sugar  in  the 
expressed  mucilage.  Korowin  obtained  specimens  of  saliva  by  giving 
the  babies  pieces  of  sponge  to  suck  and  squeezing  out  the  contained 
saliva.  These  observations  were  confirmed  by  Keating 3  and  others, 
and  clearly  disprove  the  earlier  observations  of  Joerg,  Burdach,  and 
Bohr  that  new-born  babies  have  no  salivary  secretion  at  all,  and  of 
Schiff  and  Ritter  von  Rittershain  to  the  effect  that  salivary  secretion 
of  such  babies,  though  present,  contains  no  ptyalin.  In  1905  Moll 4 
obtained  saliva  from  a  parotid  fistula  in  a  seven  months’  foetus,  and 
found  it  to  be  a  clear  watery  fluid  which  became  thicker  and  more 
clumpy  on  standing.  The  presence  of  ptyalin  could  easily  be 
detected.  Ibrahim  5  found  an  amylolytic  ferment  in  the  parotid  as 
well  as  in  the  submaxillary  glands  of  mature  and  premature  foetuses, 
but  it  seems  to  appear  earlier  in  the  parotid.  He  could  not  detect 
the  presence  of  maltase,  lactase,  or  invertin.  The  absence  of  maltase 
and  lactase  has  also  been  confirmed  by  Allaria.0  The  total  amount 
of  sugar  obtained  after  treating  starch  with  foetal  salivary  extracts 
depends  in  each  particular  case  upon  the  size  of  the  gland  ( i.e .,  upon 
the  age  of  the  foetus).  Berger 7  examined  the  dry  residue  of  the 
saliva  in  children.  He  found  that  it  amounted  on  an  average  to 
0-82  per  cent,  in  new-born  babies.  The  average  amount  in  adults 
is  0  79  per  cent.  It  is  therefore  seen  that  foetal  and  adult  salivary 
secretions  do  not  differ  very  considerably  in  their  consistency. 

(P)  The  Mucous  Secretion  of  the  Mouth. — Kolliker  found  that  the 
mucous  glands  of  the  lips,  tongue,  gums,  etc.,  appear  in  the  human 
foetus  at  a  considerably  later  period  than  the  salivary  or  lachrymal 
glands,  viz.,  in  the  fourth  month  (the  latter  appearing  as  early  as  in 
the  second  month).  Krukenberg 8  administered  K1  to  a  woman  in 
labour,  and  failed  to  detect  iodine  in  the  buccal  mucous  secretion 
of  the  new-born  foetus. 

3.  The  Nervous  Mechanism  of  Salivary  Secretion. — The  act  of 
salivary  secretion  is  regulated  by  two  nerve  systems,  viz.,  the  cerebro¬ 
spinal  and  sympathetic.  These  systems  have  an  influence,  not  only 

1  Arch.  f.  Anat.  Physiol,  u.  Wissensch.  Med. ,  1872. 

2  Inaug.  Dissert.,  St  Petersburg,  1874. 

3  “  The  Medical  and  Surgical  Report,”  1883. 

4  Monatsschr.  f.  Kinderlieilk ,  1905. 

6  A  aturforsch.  Vers.  Kolti,  1908. 

6  Rif  or m  a  Med.,  1910. 

7  Inaug.  Dissert.,  St  Petersburg,  1899, 

8  Arch,  f .  Gyncik . ,  1883. 
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upon  the  quantity  but  also  upon  the  quality  of  the  saliva  secreted. 
Ritter  von  Rittershain  found  the  saliva  in  the  new-born  to  be  thinner 
in  consistency  than  in  the  adult,  and  attributed  it  to  an  excess  of 
sympathetic  over  cerebro-spinal  secretion.  We  have  seen,  however, 
that  more  recent  observations  could  detect  no  difference  in  the  con¬ 
sistency  of  saliva  in  the  new-born  and  adult.  Gundobin  investigated 
experimentally  the  nervous  mechanism  of  salivary  secretion  in  new¬ 
born  puppies,  by  stimulating  electrically  the  following  parts  in  the 
nervous  system,  viz.  :  — 

(1)  The  anterior  part  of  the  gyrus  suprasylvius  anterior,  in  front 
and  below  the  sulcus  cruciatus  (/.*.,  the  psychical  centre  of  salivary 
secretion). 

(2)  The  floor  of  the  fourth  ventricle,  behind  the  origin  of  the 
trigeminal  nerve  (z’.<?.,  the  reflex  centre). 

(3)  The  central  end  of  the  divided  lingual  nerve. 

(4)  The  chorda  tympani  lying  between  the  lingual  nerve  and  the 
submaxillary  gland. 

These  investigations  showed  that  stimulation  of  the  cerebral 
centres  (I  and  2)  gave  negative  results,  whilst  stimulation  of  (3)  and 
(4)  gave  rise  to  a  secretion  from  the  submaxillary  gland  ;  although  the 
amount  of  current  required  was  greater  immediately  after  birth  than 
when  the  animal  was  a  few  days  old.  Whilst  it  is  not  always  possible 
to  apply  the  results  of  animal  experiments  to  the  case  of  human 
beings,  yet  Gundobin  believes  that  his  investigations  justify  the 
following  conclusions  : — 

(1)  The  functional  capacity  of  the  salivary  glands  in  the  new-born 
is  limited  by  their  size. 

(2)  The  small  amount  of  secretion  in  infants  at  birth  is  due  chiefly 
to  the  imperfect  development  of  the  cerebral  cortex. 

(b)  Gastric  Secretion 

1.  Development  and  Structure  of  the  Gastric  Secretory  Apparatus. 
— Gundobin 1  states  that  although  the  layers  of  the  stomach  are 
differentiated  at  four  months,  the  gastric  glands  are  not  developed 
before  the  fifth  month,  and  that  they  appear  sooner  in  the  pyloric 
portion  than  elsewhere.  This  is  in  agreement  with  the  observations 
of  Kolliker.  The  glands  considerably  increase  in  number  during  the 
last  two  months  of  intra-uterine  life.  The  number  of  glands  at  birth 
is  absolutely  much  smaller,  but  relatively  (i.e.,  per  square  centimetre 
of  stomach  surface)  about  the  same  as  in  the  adult.  Thus,  Toldt2 
gives  the  following  figures  : — 

1  Op.  cit.,  p.  267. 

2  Sitzungsberichte  der  Math.  Naturw.  Classe  der  K.  Akad.  (Wien),  1880,  vol. 
xxii.,  Part  3,  pp.  89,  90,  93. 
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Total  number  of  glands  at  birth  =  1,955,170. 

Area  of  inner  surface  of  stomach  at  birth  =  52*7  sq.  cm. 

Total  number  of  glands  in  adult  =  25,179,000. 

Area  of  inner  surface  of  stomach  in  adult  =  763  sq.  cm. 

Giving  about  30,000-40,000  glands  per  sq.  cm.  in  both  adult 
and  full-term  foetus. 

The  gastric  glands  are  of  smaller  dimensions  at  birth  than  at  a 
subsequent  age. 

Thus  Toldt 1  gives  the  following  figures 


Length. 

Breadth  in  Mm. 

New-born 

- 

- 

0-540-0-613 

0-025-0-048 

Adult 

- 

- 

0-620-0-670 

0-046-0-058 

Occasionally  one  sees  several  glands  terminating  in  one  opening. 
The  absolute,  as  well  as  relative,  numbers  of  solitary  follicles  of  the 
gastric  mucous  membrane  is  considerably  less  in  the  stomach  of  the 
foetus  than  in  post-natal  life. 

The  nerve  fibres  of  the  stomach  are  finer ;  their  myelin  sheaths 
are  incompletely  developed,  and  the  nerve  cells  are  smaller,  and 
contain  no  pigment. 

We  thus  see  that  even  in  the  foetus  the  secretory  mechanism  of 
the  stomach  is  more  or  less  ready  to  assume  functional  activity. 

2.  The  Properties  of  Foetal  Gastric  Juice — Reaction. — The  re¬ 
searches  of  Dudin 2  have  shown  that  the  reaction  of  the  mucous 
membrane  of  the  stomach  between  the  third  and  sixth  months  of 
foetal  life  is  neutral ;  after  that  it  is  acid.  Free  HC1  could  not  be 
detected  before  the  ninth  month.  Other  observers,  however,  have 
failed  to  detect  free  HC1,  even  at  birth  : — 

Ferments. — Elsasser,3  in  1864,  was  the  first  to  show  that  the 
mucous  membrane  of  the  stomach  of  a  human  foetus  was  able  to 
digest  albumen,  although  he  does  not  give  the  age  of  the  foetus. 
Langendorff,4  in  1879,  found  pepsin  in  the  human  foetus  between 
the  third  and  fourth  month,  although  he  failed  to  find  hydrochloric 
acid  even  in  later  intra-uterine  life.  Rennin  was  found  by  Schum- 

1  Loc.  cit. 

2  “  The  Digestive  Ferments  of  the  Foetal  Stomach,”  Inaug.  Dissert.,  St 
Petersburg,  1904. 

3  Quoted  by  Gundobin,  op.  cit.,  p.  268. 

4  Arch.  Anat.  u.  Physiol . ,  1879. 
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burg  and  Szydlowski 1  in  the  stomach  of  infants  at  birth.  Dudin 2 
found  pepsin  and  rennin  from  the  sixth  month  onwards.  Ibrahim  3 
succeeded  in  demonstrating  the  presence  of  a  lipase  (or  fat-splitting 
ferment)  in  the  gastric  contents,  as  well  as  in  the  gastric  mucous 
membrane  of  mature  and  premature  human  foetuses. 

For  Gastrin ,  see  p.  190. 

3.  Source  of  the  Gastric  Ferments  in  the  Foetus. — That  the  gastric 
ferments  of  the  foetus  are  autochthonous  to  it  (/.<?.,  formed  in  the 
foetus  itself),  and  are  not  derived  from  the  mother  through  the 
blood,  is  clear  from  investigations  made  on  the  gastric  contents  of 
foetal  animals.  These  show  that : — 

(a)  In  certain  mammalian  foetuses  like  the  dog,  neither  pepsin 
nor  rennin  can  be  found  till  some  time  after  birth. 

(b)  Even  in  non-mammalian  embryos  (like  the  chick),  where 
a  maternal  origin  is  out  of  the  question,  pepsin  is  found  after  the 
seventeenth  day  of  incubation. 

4.  Functioji  of  Gastric  fuice  in  the  Foetus. — The  probable 
function  of  the  foetal  gastric  juice  is  to  digest  albuminous  material 
which  is  swallowed  with  the  liquor  amnii. 

Preyer4  found  in  the  stomach  of  foetal  rabbits  liquor  amnii  with 
curds  of  coagulated  protein.  These  curds  give  exquisite  violet 
colours  with  caustic  potash  and  copper  sulphate. 

(c)  Foetal  Bile 

According  to  Kolliker,  the  gall  bladder  is  present  in  the  human 
foetus  at  the  second  month,  and  contains  a  secretion  from  the  third 
month  of  intra-uterine  life  onwards.  Up  to  the  fifth  month  the 
biliary  secretion  is  of  a  mucoid  character,  and  only  after  the  fifth 
or  sixth  month  can  light  yellow  bile  containing  bilirubin  be  found 
in  the  gall  bladder.  There  is,  however,  found  in  the  small  intestine 
at  the  third  to  fifth  month,  and  later  also  in  the  large  intestine,  the 
precursor  of  meconium  in  which  Zweifel 5  was  able  to  demonstrate 
the  presence  of  bile  acids  and  bile  pigments.  (See  p.  471  for  per¬ 
centage  composition  of  bile  at  different  ages.) 

The  exact  function  of  bile  in  the  foetus  cannot  be  stated,  since 
it  is  needed  neither  as  an  antiseptic  nor  as  an  aid  to  digestion. 

(d)  Pancreatic  Juice 

1.  The  Development  of  the  Pancreas. — According  to  Hamburger, 
the  pancreas  is  developed  out  of  two  epithelial  tubes,  which  unite 

1  Quoted  by  Gundobin,  p.  268. 

2  Ibid.  3  Loc.  cit. 

4  “  Physiologie  des  Embryo,”  Leipzig,  1885,  p.  311. 

5  Arch.  f.  Gyndk. ,  vii. ,  1875. 
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at  the  end  of  the  second  month.  The  glandular  portions  are 
developed  at  about  that  time,  but  the  formation  of  hollow  gland 
vesicles  occurs  at  a  somewhat  later  period.  The  isles  of  Langerhans 
are  developed  at  the  third  month,  and  are  more  closely  packed  in 
the  foetus  than  in  the  adult.  (Gundobin.) 

Hartge,1  who  investigated  the  pancreas  in  pre-natal  and  post-natal 
life,  found  that  this  organ  grows  pretty  rapidly  in  the  foetus,  so  that 
from  the  third  month  of  intrauterine  life  till  the  moment  of 
birth,  its  weight  increases  forty  to  sixty  fold  (i.e.,  from  CP07  to  about 
3  gm.),  and  that  after  birth  its  weight  doubles  itself  during  the  first 
three  or  four  months.  (See  table  on  p.  476.) 

2.  The  Properties  of  Foetal  Pancreatic  Juice .  —  The  ferments 
found  in  adult  pancreatic  juice  are :  Amylopsin ,  which  converts 
starch  into  sugar  ;  trypsin ,  which  digests  proteins ;  and  steapsin, 
which,  in  the  presence  of  bile,  splits  up  fats  into  glycerine 
and  fatty  acids.  In  the  foetal  pancreas,  Zweifel,  in  1874,  found 
trypsin  at  birth,2  whilst  Langendorff,  in  1879,  could  detect  it  as 
early  as  at  the  beginning  of  the  fifth  month  of  intra-uterine  life. 
The  trypsin  is  often  found  as  trypsinogen.3  Steapsin  was  found 
at  birth  by  Zweifel  as  well  as  by  Hammarsten,4  whilst  amylopsin  is 
absent  at  birth  according  to  Zweifel,  Langendorff,  and  Korowin. 

The  investigations  of  Wegscheider  and  of  Moro,  however,  have 
shown  that  amylopsin  is  also  to  be  found  in  the  pancreatic  secretion 
at  birth. 

The  whole  question  of  pancreatic  ferments  in  foetal  life  was  re¬ 
investigated  by  Hartge  in  1900.5  He  analysed  the  pancreases  of 
thirty  foetuses  in  various  stages  of  development,  as  well  as  of  ten 
infants,  during  the  first  few  weeks  of  post-natal  life.  His  results 
show  that : — 

(a)  Trypsin ,  amylopsin ,  and  probably  also  steapsin ,  are  present 
from  the  end  of  the  third  month  of  foetal  life ,  i.e.,  at  a  time  when  the 
foetus  is  9*8  cm.  long,  and  has  a  weight  of  26  gm. 

(h)  From  the  sixth  month  onwards  the  physiological  activity  of 
these  three  ferments  gradually  increases. 

(c)  The  amount  of  trypsin  and  steapsin  at  birth  is  smaller  than 
in  the  adult,  whilst  amylopsin  is  four  times  less  than  in  the  adult. 

3.  The  Function  of  the  Pancreatic  Juice  in  the  F'oetus. — The  fact 
that  trypsin  was  found  in  acephalic  monsters,  or  in  foetuses  with 
occlusion  of  the  oesophagus,  in  whom  therefore  the  swallowing  of  liquor 

1  Tnaug.  Dissert.,  St  Petersburg,  1900. 

2  “  Untersuch.  Verdaungsapp.  Neugeb.,”  Berlin,  1874. 

3  Arch.  Anal.  u.  Physiol.,  1879. 

4  Festgabe,  Ludwig,  1874. 

5  Loc.  cit , 
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amnii  was  out  of  the  question,  shows  that  the  foetal  pancreatic  juice 
has  nothing  to  do  with  digestion,  but  that  the  foetal  pancreas 
practises  secretory  activity  in  preparation  for  its  digestive  functions 
in  post-natal  life. 

(e)  Succus  Entericus.  (Intestinal  juice) 

1.  Structure  of  Foetal  Intestinal  Secretory  Apparatus. — Baginski 1 
has  shown  that  the  intestinal  glands  differ  in  number,  as  well  as  in 
character,  from  those  in  the  adult.  It  is  therefore  to  be  expected 
that  their  secretion  should  also  be  somewhat  different.  Gundobin  2 
gives  the  number  of  Brunner’s  glands  per  centimetre  of  duodenum  as 
6-34  in  the  new-born  infant,  and  as  3-12  in  the  adult,  so  that  they  are 
relatively  more  numerous  in  the  former  than  in  the  latter.  The  same 
applies  to  Lieberkiihn’s  glands  which  are  present  to  the  number  of 
14-16  per  T9  mm.  in  the  new-born  baby,  and  10-12  per  0*9  mm.  in 
the  adult.  The  dimensions  of  Lieberkiihn’s  glands  are,  however, 
much  smaller  in  the  new-born  infant  than  in  the  adult ;  thus,  while 
in  the  former  they  are  0*095-0*110  mm.  long,  and  0*016-0*035  mm. 
wide,  they  are  in  the  adult  0*2-0*3  mm.  long,  and  0*045-0*050  mm. 
wide.  For  the  peculiarities  of  the  lymphatic  apparatus  and  the 
nerves  of  the  intestine  in  the  young  infant,  see  p.  480. 

2.  Composition  of  Succus  Entericus. — The  intestinal  secretion  in 
the  adult  contains  the  following  enzymes  : — 

(1)  Enterokinase,  which  converts  trypsinogen  into  trypsin. 

(2)  Erepsin ,  which  causes  the  further  hydrolysis  of  proteoses  and 
peptones  into  amino  acids,  thus  completing  the  work  begun  by 
pepsin  and  trypsin. 

(3)  Inverting  Ferments ,  capable  of  converting  di-saccharides  into 
mono-saccharides.  They  are — 

(i.)  Maltase,  acting  upon  maltose  and  dextrin. 

(ii.)  Inverting  acting  upon  cane  sugar. 

(iii.)  Lactase ,  acting  upon  lactise. 

(4)  Nuclease ,  acting  upon  the  nucleic  acid  constituent  of  nucleo- 
proteins,  splitting  it  up  into  the  corresponding  purin  and  pyrimidin 
nucleotides.  (Nucleotides  are  compounds  in  which  each  of  the 
nitrogenous  bases  is  united  to  a  carbohydrate  and  a  phosphoric-acid 
complex.) 

(5)  Secretin.  —  This  is  not  really  an  enzyme,  since  it  is  not 
destroyed  by  heat,  but  belongs  to  the  class  of  bodies  called  hormones 
(see  p.  190). 

In  the  foetus  Ibrahim  showed  the  presence  of  enterokinase. 

1  Virchow's  Arch.,  Berlin,  lxxxix.,  1882. 

2  fahrb.  f.  Kinder heilk. ,  etc.,  N.F.,  33,  1892,  p.  439  et  seq. 
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Erepsin  has  also  been  found.1  For  Secretin ,  see  p.  190.  Lactase 
was  found  in  the  meconium  by  Ibrahim  ;  invertin  was  found  by 
Munro.2 

(/)  Mammary  Secretion 

The  fact  that  a  milky  or  colostrum-like  fluid  is  occasionally  found 
in  both  male  and  female  foetuses  at  birth  demonstrates  the  activity  of 
these  glands  during  intra-uterine  life.  Even  when  the  secretion  is 
not  seen  with  the  naked  eye,  its  presence  can  be  demonstrated, 
according  to  Jablokof,3  in  all  new-born  infants. 

Development  of  the  Mammce. — The  beginning  of  the  mammary 
glands  can  be  seen  at  the  end  of  the  second  month  of  foetal  life, 
when  they  are  found  as  conical  elevations  with  a  pit  in  the  centre. 
These  elevations  consist  of  cylindrical  cells  in  the  periphery  and 
polyhedral  cells  in  the  centre. 

Nature  of  Foetal  Mammary  Secretion. 

Amount. — About  1^  c.c. 

Reaction. — Neutral  or  faintly  alkaline  according  to  Guillot,  and 
distinctly  alkaline  according  to  Schlossberger. 


Composition.4  Genser. 

Tchassownikoff. 

Specific  gravity 

Water  ----- 
Solids  ----- 
Fat  ----- 

Casein  and  albumen 

Lactose  - 
Soluble  salts  - 
Insoluble  salts 

1-01986 

95-705 

4-295 

1-456 

0-557  +  0-490 
0-956 

}  0-826  | 

1-0188 

95-69 

4-31 

1-532 

1-345 

0-778 

0-373 

0-240 

Microscopic  Characters. — Spherical  corpuscles  2-6  /x,  leucocytes, 
detritus,  nuclei,  and  colostrum  corpuscles  are  found;  showing  its 
similarity  to  the  colostrum  secreted  by  the  mother  during  the  first 
few  days  after  labour. 

(g)  Sebaceous  Secretion. 

Most  infants  at  birth  are  covered  with  vernix  caseosa ,  which 
consists  principally  of  sebum  from  the  skin,  and  of  desquamated 
epidermal  scales. 

According  to  John  Davy,5  it  contains  9-10  per  cent,  of  fat  and 
78-84  per  cent,  of  water. 

1  Langstein,  Jahrb.  f.  Kinder heilk,  Ixvii. ,  1908,  9. 

2  Zeitschr.  f.  Biol.,  xxxii,,  1895,  266. 

3  Inaug.  Dissert.,  Moscow,  1892. 

4  Gundobin,  op.  cit.,  p.  443. 

0  Transact.  Medico-  Chirurg.  Soc. ,  xxviii.,  1844,  189. 
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(h)  Vaginal  Secretion  is  occasionally  found  in  the  new-born 
infant  in  the  form  of  large  quantities  of  thick  white  mucus. 

(/)  Lachrymal  Secretion  is  absent  at  birth. 

(j)  The  Activity  of  Serous  Membranes — 

(1)  Cerebro-spinal  fluid  is  present  at  birth. 

(2)  Pathologically,  ascites,  hydrothorax,  and  hydroperi¬ 

cardium  may  be  present. 

For  sweat ,  urine ,  and  meconium ,  see  Chap.  XIV.,  under  Excretions. 

(3)  Internal  Secretions. 

The  Endocrine  or  Cryptorhetic  Organs . — The  glands  which  have 
no  duct  for  the  discharge  of  their  secretion  to  the  exterior,  but  give 
up  their  secretion  directly  to  the  blood  or  lymph,  are  called  internal 
secretory  or  endocrine  (from  endon ,  within,  and  krino ,  to  separate),  or 
cryptorhetic  (< cryptos ,  concealed,  and  rhoia ,  flow)  organs.  Among 
these  organs  in  post-natal  life  are  the  thyroid  and  parathyroids, 
adrenals  or  suprarenals,  the  pituitary  body,  the  pineal  gland,  and 
thymus.  The  pancreas,  ovaries,  and  testes,  as  well  as  the  mucous 
membrane  of  the  gastro-intestinal  tract,  although  they  have  ducts, 
also  form  internal  secretions.  All  these  endocrine  organs  are  well 
developed,  and  perform  their  internal  secretory  functions  in  the  foetus. 
In  addition,  we  shall  have  to  consider  in  this  chapter  the  internal 
secretions  of  the  placenta  as  well  as  that  of  the  foetus  as  a  whole. 

Differences  between  Internal  and  External  Secretions.  —  In 
external  secretions  the  active  agents  are  always  of  the  nature  of  a 
ferment,  i.e.,  they  are  destroyed  by  heat  in  the  presence  of  water, 
and  are  of  a  protein  nature.  Internal  secretions  are  not  so  destroyed, 
are  dialysable,  and  have,  at  least  in  one  case,  viz.,  in  that  of  the 
suprarenal  capsule,  been  isolated  in  a  crystalline  form,  and  even 
prepared  synthetically  (see  p.  623).  When  introduced  into  the  blood 
they  do  not  call  forth  the  formation  of  antibodies. 

The  active  principles  of  endocrine  organs  act  like  drugs,  and 
have,  therefore,  been  called  by  Schafer  autacoids  ( autos ,  self,  and 
akos,  remedy).  Autacoids  are  of  two  kinds— stimulating  and 
inhibitory.  The  stimulating  variety  are  called  hormones  (ormao,  to 
stir  up),  whilst  the  inhibitory  kind  are  called  chalones  ( chalao ,  to  make 
slack). 

(a)  Internal  Secretion  of  the  Placenta 

The  fact  that  during  pregnancy  the  breasts  hypertrophy  without 
secreting  much  milk,  whilst  immediately  after  parturition  secretion 
commences  fairly  abundantly,  has  given  rise  to  the  suggestion  that 
the  placenta  forms  an  internal  secretion  which  contains  two  auto- 
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coids — a  hormone  which  stimulates  the  growth  ot  the  mammary 
glands,  and  a  chalone  which  inhibits  their  secretion. 

The  presence  of  a  placental  chalone  has  been  demonstrated  by 
Mackenzie,1  who  found  that  injection  of  extract  of  placenta  inhibited 
the  galactagogue  action  of  pituitary  or  corpus  luteum  extracts 
(see  p.  45). 

As  regards,  however,  the  property  of  the  placenta  to  stimulate 
mammary  development,  it  is  to  be  noted  that  occasionally  even 
virgin  or  male  mammae  may  become  developed,  and  produce  milk. 

(b)  Extracts  of  Foetus 

Miss  Lane-Claypon  and  Starling2  found  that  injection  of 
extract  of  foetus  into  a  virgin  rabbit  causes  growth  of  the  mammary 
glands,  but  inhibits  their  secretion  if  injected  into  lactating  animals, 
thus  suggesting  that  the  foetus  as  a  whole,  like  the  placenta,  also 
contains  both  hormonic  and  chalonic  autacoids.  Foa3  found 
similar  results  with  extracts  of  foetal  calf  when  injected  into  rabbits, 
thus  showing  that  the  mammary  autacoids  are  not  specific  for  only 
one  kind  of  animal. 

(c)  Internal  Secretion  of  the  Thymus 

This  gland,  which  is  developed  from  sprouts  of  epithelium  of  the 
third  branchial  pouch  on  each  side,  is  largest  at  birth,  and  gradually 
begins  to  atrophy  after  the  end  of  the  second  year.  It  is  therefore 
probably  a  structure  of  considerable  importance  to  the  foetus  and 
young  infants.  What  its  exact  function  is,  however,  is  not  at  all 
clearly  known. 

Thymectomy  in  animals  has  been  found  to  cause  a  more  rapid 
growth  of  the  sexual  organs,  whilst  castration  delays  the  atrophy  of 
the  thymus.  Similarly  in  animals  fed  on  thymus  sexual  maturity  is 
delayed  with  degeneration  of  the  testes  in  males.  Hence  it  is  very 
probable  that  the  thymus  exercises  a  restraining  influence  on  the 
development  of  the  reproductive  organs,  and  in  the  foetus  and  infant 
in  whom  the  generative  functions  are  undeveloped  the  thymus  is 
large. 

Injection  of  post-natal  thymus  extract  into  animals  is  said  by 
some  to  cause  a  fall  of  blood  pressure.  Svehla4  failed  to  find  this 
depressor  ingredient  in  the  foetal  thymus.  Katz  and  Bourneville5 

1  Quart.  Journ.  Exper.  Physiol .,  iv. ,  1911,  305-330. 

2  Proc.  Roy.  Soc.,  1906,  77^,  p.  517. 

3  Arch,  di  Fis.,  v.,  1908. 

4  Arch.  f.  Exper.  Path.  u.  Pharm .,  xliii.,  1900,  321. 

5  Pr ogres  Med.,  1900. 
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have  shown  that  atrophy  of  the  thymus  occurs  earlier  after  birth  in 
infants  with  defective  mental  development,  so  that  the  thymus  may 
have  some  influence  on  the  development  of  the  brain.  (See  further 
Chap.  XXXIX.) 

Relation  between  Thymus  and  Thyroid, — Pregnant  animals  fed 
on  thyroid  give  birth  to  young  with  large  thymus  glands. 

(d)  Internal  Secretion  of  the  Foetal  Thyroid 

The  active  principle  of  the  thyroid  has  been  called  by  Schafer  1 
thyrine .  It  is  a  hormone  which  increases  the  excitability  of  nervous 
tissue,  especially  the  sympathetic.  In  addition,  the  thyroid  also 
contains  a  chalonic  autacoid  which  has  the  opposite  effect.  Thyrine 
in  the  foetus  contains  no  iodine.  The  foetal  thyroid  also  contains 
less  colloid.  Whilst  atrophy  of  the  thyroid  gives  rise  to  cretinism  in 
children  and  myxoedema  in  adults,  absence  or  atrophy  of  the  foetal 
thyroid  existing  at  birth  is  not  necessarily  followed  by  immediate 
cretinism,  probably  because  the  foetus  or  infant  absorbs  some  of  the 
maternal  thyroid  autacoids  through  the  placenta  or  milk  respectively, 
Removal  of  the  maternal  thyroid  during  pregnancy  gives  rise  to 
foetal  rickets,2  whilst  partial  removal  gives  rise  to  a  foetus  with 
enlarged  thyroid  without  colloid.3 

Halstead  found  in  the  puppies  of  a  thyroidectomised  bitch  which 
had  been  sired  by  a  partially  thyroidectomised  dog  that  the  thyroid 
lobes  were  twenty  times  larger  than  those  of  normal  puppies.4 
Svehla5 *  failed  to  And  in  the  foetal  thyroid  that  depressor  ingredient 
which  is  found  in  post-natal  thyroids.  M‘Carisson  believes  cretinism 
to  be  due  to  the  action  in  the  foetal  thyroid  apparatus  of  poisons 
produced  in  the  maternal  intestine.  He  fed  pregnant  animals  on 
fecal  cultures  and  he  found  that  the  young  were  born  either  with 
atrophied  thyroids  or  congenital  goitres.0 

(e)  Parathyroids 

Complete  removal  of  all  the  four  parathyroids  in  animals  causes 
death  within  a  short  time.  Death  is  preceded  by  fibrillary  clonic 
muscular  contractions  known  as  tetany.  These  are  due  probably  to 
the  removal  of  the  chalonic  or  inhibitory  autacoid  whose  function  is 
to  restrain  an  over-excitation  of  nerve  cells.  Vassale 7  noticed  that  a 

1  “  Endocrine  Organs,”  London,  1916,  p.  40. 

2  Gauthier,  Rev.  de  Med.,  xx. ,  1900. 

W.  Edmunds,  Brit.  Med.  Journ.,  i.,  1900,  1341. 

4  Quoted  by  M‘Carisson,  “The  Thyroid  Gland,”  1917,  p.  127. 

5  Loc.  cit. 

(i  “  The  Thyroid  Gland,”  London,  1917,  p.  118. 

7  Arch.  Ital.  de  Biol.,  xliii.,  1905. 


(a)  Fcetus  at  end  of  three  months. 


( b )  Fcetus  seven  months. 


(c)  Anencephalic  Monster — B  is  practically  non-existent. 


Fig.  48. — Sections  of  the  Suprarenal  Gland  at  Various  Stages  of  Development. 

A,  Cortical  Rim.  B,  Foetal  Cortex. 

(Armour  and  Elliott,  Journal  of  Pathology  and  Bacteriology .) 


(i d )  Infant  eleven  weeks  old. 


( e )  Child  five  months  old. 
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bitch  from  which  three  parathyroids  had  been  removed  suffered 
from  tetany  only  during  pregnancy  and  lactation,  which,  as  Schafer 1 
remarks,  is  contrary  to  what  might  be  expected  since  the  mother  has 
the  foetal  parathyroids  to  draw  upon.  Werelius  2  removed  the  para¬ 
thyroids  in  ten  pregnant  bitches,  and  found  that  the  tetany  occurred 
in  them  sooner  than  in  non-pregnant  bitches.  He,  therefore,  con¬ 
cludes  that  the  parathyroids  exert  no  influence  in  foetal  life. 

(/)  Pituitary 

The  posterior  part  of  this  body  in  post-natal  life  contains  several 
active  principles,  which  cause  uterine  contractions,  increased 
mammary  secretion,  and  other  effects.  As  to  the  nature  of  the 
internal  secretion  of  the  foetal  pituitary,  nothing  is  known  except 
that  during  pregnancy  the  maternal  pituitary  is  increased. 

(g)  The  Foetal  Suprarenals  and  Chromaffine  Bodies 

The  suprarenals  consist  of  two  parts,  cortex  and  medulla,  which 
are  developed  from  different  embryonic  cell  masses.  The  cortex  is 
formed  from  mesoderm  cells  of  the  genital  ridge,  whilst  the  medulla 
originates  from  the  same  kind  of  epiblastic  cells  as  give  rise  to  the 
nerve  cells  of  the  sympathetic  ganglia.  The  medulla  cells  stain 
brown  with  chromic  acid — a  reaction  due  to  the  presence  of  adrenalin. 
There  are  several  other  glands,  e.g.,  the  carotid  gland  and  the 
coccygeal  gland,  which  are  derived  from  the  same  mass  of  cells  as 
the  suprarenal  medulla,  and  stain  in  the  same  way  with  chromic  acid. 
These  are  called  chromaffine  bodies.  In  the  human  foetus  the  supra¬ 
renals  are  unusually  large.  Thus  the  relation  between  the  weight  of 
the  suprarenals  and  the  kidneys  in  a  twelve  weeks’  foetus  is  1  :  1  ;  in 
six  months’  foetus,  1  :  2  ;  at  birth,  1:3;  and  in  the  adult,  1  :  8.  (Bock.) 
This  large  size  is  due  almost  entirely  to  a  great  development  of  the 
boundary  zone  between  the  cortex  and  medulla  (Fig.  48).  This  zone 
gradually  disappears  after  birth,  and  is  no  longer  distinguishable 
after  the  first  year.  The  fact  that  the  boundary  zone  is  absent  in 
anencephalic  foetuses  has  led  to  the  suggestion  that  there  is  a  con¬ 
nection  between  this  zone  and  the  development  of  the  brain.  On 
the  other  hand,  Ballantyne  has  noticed  the  entire  absence  of  the 
suprarenals  in  similar  monstrosities,  and  in  some  cases  of  anencephaly 
the  suprarenals  may  be  perfectly  normal.  Moreover,  Elliott  and 
Armour  have  shown  that  the  boundary  zone  is  devoid  of  those  lipoids 
which  are  characteristic  constituents  of  the  suprarenal  cortex,  and 

1  Op.  cit.,  p.  23. 

2  Stirg.,  Gyncec,  and  Obstetr.,  xv. ,  1913,  141, 
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hence  cannot  be  related  to  the  formation  and  development  of  the 
myelin  in  the  medullated  nerve  fibres.  (See  further,  Chap. 
XXXVIII.,  p.  625.) 

(h)  The  Internal  Secretion  of  the  Foetal  Pancreas.  (Insulin) 

Carlson  and  Drennan  1  have  shown  that  a  pregnant  bitch  near 
term,  deprived  of  its  pancreas,  does  not  suffer  from  glycosuria  as 
long  as  the  foetus  remains  inside  her,  indicating  that  the  autacoids 
produced  by  the  islets  of  Langerhans  of  the  foetal  pancreas  (insulin) 
which  are  essential  to  sugar  oxidation  pass  to  the  maternal  circula¬ 
tion  through  the  placenta.  Murlin,  however,  finds  that  in  such  dogs 
the  respiratory  quotient  is  0*69,  which  is  characteristic  of  diabetes 
(see  p.  117),  suggesting  that  the  absence  of  glucose  from  the  maternal 
urine  is  due  to  carbohydrate  retention  by  the  foetus.  Carlson  and 
Drennan  are  unable  to  say,  as  yet,  at  what  age  insulin  is  formed  in 
the  foetus  (but  see  p.  183),  but  human  infants  born  between  the  fifth 
and  seventh  month  do  not  show  diabetes.  The  fact  that  pregnancy 
generally  accentuates  diabetes  shows  that  there  is  a  difference 
between  the  etiology  of  diabetes  in  man  and  experimental  diabetes 
in  animals. 

(i)  The  Internal  Secretions  of  the  Gastro  intestinal  Tract 

Gastrin. — In  1906  Edkins  found  that  when  the  pyloric  (but  not 
the  fundal)  mucous  membrane  of  the  stomach  is  treated  with 
boiling  water  or  dilute  HC1  a  substance  can  be  extracted  which, 
when  injected  into  the  circulating  blood,  produces  a  rapid  secretion 
of  gastric  juice.  This  hormone  is  called  gastrin ,  and  has  recently 
been  discovered  in  the  foetal  pylorus. 

Secretin,  the  duodenal  hormone  discovered  by  Bayliss  and 
Starling  in  1902,  which,  when  injected  into  the  circulation,  stimulates 
the  pancreatic  secretion,  has  not  been  found  with  certainty  in  the 
foetus,  although  Hallon  and  Lequeux  2  assert  that  they  have  been 
able  to  find  it  in  the  upper  part  of  the  intestine,  not  only  in  full-term 
foetuses,  but  also  in  one  of  five  months.  They  were,  however, 
unable  to  detect  it  in  the  lower  part  of  the  intestine. 

1  Amer.  Journ.  Physiol .,  28,  1911. 

2  Compt.  Rend,  de  la  Soc.  de  Biol.,  Paris,  1906,  lxi. ,  83. 


CHAPTER  XIV 


FCETAL  EXCRETIONS 

“  The  presence  of  excretion  in  the  intestine  of  the  new-born  baby  proves  that 
the  foetus  sucks  inside  the  womb.”  Hippocrates. 

(A)  Meconium  or  Foetal  Intestinal  Excretions. 

The  term  meconium,  which  means  “poppy,”  was  originally 
applied  by  Aristotle  to  the  intestinal  contents  of  the  new-born  infant. 
This  excretion  is  of  particular  interest  to  the  student  of  foetal  physi¬ 
ology,  because  its  constant  presence  not  only  indicates  a  certain 
amount  of  activity  of  the  foetal  digestive  glands,  but  its  presence  in 
the  large  intestine  also  points  to  the  occurrence  of  peristalsis  on  the 
part  of  the  intestine. 

Composition  of  Meconium 

1.  Chemical. — -The  intestinal  excretions  of  the  foetus  form  a  dark 
green,  viscid,  odourless  mass,  which  contains  no  micro-organisms. 
Its  colour  is  due  to  the  biliary  pigment  biliverdin,  and  hence  in 
foetuses  in  which  there  is  obliteration  of  the  bile  ducts,  the  colour 
of  the  meconium  is  yellowish-brown  or  grey  instead  of  dark  green. 
It  also  contains  other  biliary  constituents,  viz.,  tauro  and  glycocholic 
acids,  cholesterin,  and  mucin.  The  percentage  of  water  in  it  is 
about  80,  and  its  ash,  according  to  Zweifel,1  constitutes  T5  per 
cent,  of  its  dry  residue  and  T23  per  cent,  of  the  fresh  meconium. 
The  amount  of  soluble  salts  is  greater  in  meconium  than  in  the 
faeces  of  adult  animals — as  ascertained  in  the  case  of  the  dog.  This 
is  especially  the  case  with  alkalis,  which  form  2T42  per  cent,  of  the 
solids  in  meconium,  and  only  4*5  per  cent,  of  the  faeces  of  the  adult 
dog.  The  alkalis  are  for  the  greater  part  combined  with  sulphuric 
acid.  This  preponderance  of  soluble  salts  in  meconium  shows  that 
absorption  takes  place  in  the  foetal  intestine  only  to  a  slight  degree. 
Further,  the  considerable  amount  of  H2S04  indicates  that  the 
sulphur-containing  taurin  is  not  absorbed  but  remains  in  the  intestine. 
The  greatest  amount  of  sulphur,  however,  apparently  comes  from  the 
intestinal  epithelium.  It  has  further  been  shown  that  the  ash  in 

1  Arch.  f.  Gyn.dk . ,  vii.,  1875. 
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the  meconium  of  dogs  consists  of  iron,  calcium,  and  magnesium 
phosphates,1  although  in  the  case  of  the  human  foetus  the  amount  of 
iron  in  the  meconium  is,  according  to  Guillemmat,2  very  small. 
Levvin3  found  that  the  nitrogenous  substances  in  meconium  form  2-33 
per  cent,  of  the  dry  residue,  and  that  an  aethereal  extract  of  the  residue 
contains  a  considerable  amount  of  pigment  and  other  substances,  in 
addition  to  cholesterin,  fats,  and  fatty  acids.  It  also  contains  the 
following  ferments ,  viz.,  rennin,  amylopsin,  and  a  ferment  which 
liquefies  gelatine. 

Zweifel  was  unable  to  detect  the  presence  of  albumen,  peptone, 
lecithin,  leucine,  tyrosine,  glucose,  and  lactic  acid ;  but,  according  to 
Gundobin,  leucine,  tyrosine,  and  proteins  can  be  detected  by  micro¬ 
chemical  methods.  Indol,  phenol,  and  other  decomposition  products 
are  absent.  Spectroscopically,  Moore 4  has  found  two  absorption 
bands — one  between  D  and  E,  and  the  other  to  the  red  side  of  D. 

2.  Microscopic. — Histological  examination  of  meconium  shows 
it  to  contain  : — 

(1)  The  ingredients  of  liquor  amnii,  viz.,  vernix  caseosa  and 
lanugo  hairs — the  latter  but  rarely. 

(2)  Meconium  corpuscles,  consisting  of  round  non-nucleated 
granular  cells — probably  derived  from  the  vernix  caseosa. 

(3)  A  considerable  number  of  nucleated  squamous  epithelium — 
probably  of  intestinal  origin. 

(4)  Mucous  fibres — probably  coming  both  from  the  bile  and  the 
intestine. 

(5)  Cholesterin  crystals— undoubtedly  coming  from  the  foetal 
liver. 

(6)  Bundles  of  fine  needles  of  fatty  acid  crystals — coming  from 
the  vernix  caseosa. 

(7)  Brilliant  refracting  fatty  drops. 

(8)  Round  spheres  of  leucine. 

3.  Bacteriology. — Foetal  meconium  is,  as  we  have  said  above, 
free  from  organisms.  (See  under  post-natal  meconium,  p.  493.) 

Origin  of  Meconium. — The  chemical  and  microscopical  characters 
show  that  the  meconium  comes  from — 

(a)  Swallowed  liquor  amnii. 
f)  Bile  and  pancreatic  secretions. 

(e)  Intestinal  secretions. 

(d)  Desquamated  intestinal  epithelium. 

1  M tiller,  quoted  by  Gundobin. 

2  Cornpt.  Rend.  Soc.  Bio/.,  1898. 

3  Inaug.  Dissert.,  St  Petersburg,  1900. 

4  Schafer’s  “  Text-Book  of  Physiology,”  i.,  1898,  474. 
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This  is  confirmed  by  the  fact  that  when  in  certain  cases  of 
monstrous  births  the  entry  into  the  intestine  of  one  or  other  of  these 
ingredients  is  excluded,  that  particular  ingredient  is  absent  from  the 
meconium.  We  have  already  seen  that  the  biliary  constituents  are 
absent  in  cases  of  congenital  obliteration  of  the  bile  ducts.  In  those 
rare  cases  where  the  oesophagus  is  congenitally  occluded,  the  com¬ 
ponent  parts  coming  from  the  liquor  amnii,  viz.,  vernix  caseosa  and 
lanugo  hairs,  are  not  found. 

When  is  Meconium  first  formed  l — Hennig1  found  on  one 
occasion  a  light  greenish-yellow  meconium  in  a  human  foetus  at  the 
beginning  of  the  fourth  month.  At  the  beginning  of  the  fifth  month 
he  found  it  regularly,  and  in  the  seventh  month  he  found  it  to  fill 
the  whole  of  the  large  intestine. 

Before  the  occurrence  of  biliary  secretion  (i.e.,  the  third  month) 
no  meconium  can  be  found,  and  it  is  only  after  the  formation  of  true 
biliverdin  containing  bile  in  the  sixth  month  that  the  meconium 
assumes  its  viscid,  dark  green  appearance. 

Is  there  any  Pre-Natal  Evacuation  of  the  Bowels  ?■ — The  answer  is 
yes,  since  meconium  can  be  found  occasionally  in  the  liquor  amnii, 
even  when  there  was  no  intra-uterine  asphyxia.  That  the  foetal  intes¬ 
tine  is  capable  of  peristaltic  movements  was  first  demonstrated  experi¬ 
mentally  by  Preyer2  in  1881,  who  subjected  the  intestine  inside  the 
living  foetus  in  animals  to  electrical,  mechanical,  and  chemical  stimula¬ 
tion,  and  found  that  vigorous  constrictions  of  the  circular  and  longi¬ 
tudinal  fibres  occurred.  He  further  injected  coloured  fluids — like 
solutions  of  aniline  blue — into  the  foetal  stomach,  and  determined 
the  time  it  took  for  the  fluid  to  be  driven  down  into  the  lower  part 
of  the  intestine.  He  found  that  the  journey  from  the  stomach  to  the 
large  intestine  took  less  than  sixteen  hours.  Preyer,  moreover,  saw 
intestinal  peristalsis  take  place  on  opening  the  foetal  abdomen — even 
without  the  application  of  any  mechanical  or  other  stimuli. 

(B)  Renal  Excretion 

In  the  second  century  Galen  wrote  :  “  It  is  better  that  the  foetus 
should  not  urinate  through  the  urethra,  but  through  the  umbilicus, 
which ,  indeed ,  is  the  easel  It  is  only  as  late  as  1671  that  Portal 
assumed  that  emptying  of  the  foetal  bladder  into  the  liquor  amnii 
took  place. 

In  1842  Bischoff 3  expressed  the  opinion  that  not  only  the  foetal 
kidneys  but  even  the  Wolffian  bodies  secreted  urine,  which,  in  later 

1  Arch .  f.  Gyndk. ,  xiv.,  1879. 

2  Op.  cit. ,  p.  319. 

3  Quoted  by  Preyer,  op.  cit.,  p.  325. 
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foetal  life,  is  voided  into  the  amniotic  fluid.  Whilst  all  observations 
leave  no  doubt  that  urine  is  secreted  by  the  foetal  kidneys,  there  is 
not  the  same  unanimity  with  regard  to  the  occurrence  of  micturition 
in  pre-natal  life. 

Physiological  Anatomy  and  Embryology  of  the  Urinal y  Tract 

1.  The  Kidneys.1 — The  Wolffian  bodies — the  precursors  of  the 
kidneys  proper — are  fully  developed  at  the  seventh  week.  They  are 
then  2'5  mm.  in  length,  show  a  beginning  of  lobulation,  and  of  the 
formation  of  Malpighian  bodies.  At  full  term  the  kidneys  are 
characterised  by  their  lobulation,  the  feeble  development  of  the  con¬ 
voluted  tubules,  and  by  the  absence  of  a  peripheral  layer  (cortex 
corticis).  In  an  eight  months’  foetus  one  can  see  glomeruli  in  all 
stages  of  development.  The  Malpighian  bodies  are  72-160  //  in 
diameter,  of  round  or  oblong  appearance,  and  lying  nine  to  twelve  in 
a  row.  Bowman’s  capsule  shows  in  its  outer  layer  a  flat  epithelium 
with  somewhat  long  nuclei  indistinguishable  from  the  epithelium  of  the 
adult’s  capsule:  the  outer  layer  of  Bowman’s  capsule  in  the  neighbour¬ 
hood  of  the  origin  of  tubules  is  lined  with  a  cubical  epithelium  which 
undergoes  a  gradual  transition  into  the  cylindrical  epithelium  of  the 
tubules.  The  glomeruli  of  the  Malpighian  bodies  are  often  divided 
into  three  to  five  portions,  and  are  covered  with  cubical  instead  of 
flat  epithelium. 

Size  and  Weight  of  Kidneys  at  Birth. — The  linear  measurements 
of  the  kidneys  at  birth  are  :  length,  4*2  cm.  ;  breadth,  2*2  cm. ;  and 
thickness  LB  cm.,  so  that  the  relation  between  thickness,  breadth, 
and  length  are  about  1  :  1*2  :  2*3.  In  the  adult,  these  relations  are 
1  :  L8  :  3‘5,  so  that  the  foetal  kidney  is  relatively  thicker  than  the 
adult  one.  As  regards  the  weight  of  the  kidneys  at  birth,  they 
seem  to  bear  the  same  relation  to  the  weight  of  the  body  (i.e.,  about 
3W)  as  at  any  other  age. 

2.  Ureters. — These  are  characterised  by  the  imperfect  develop¬ 
ment  of  elastic  tissue  and  a  relatively  feeble  development  of  the 
muscular  layer.  The  length  of  the  ureter,  compared  with  the 
length  of  the  trunk,  is,  in  the  new-born  baby,  1  :  2.  This  proportion 
is  practically  constant  at  all  ages. 

3.  Bladder. 

Structure. — Kolliker  has  shown  that,  in  the  new-born  infant,  the 
horizontal  fibres  of  the  vesical  sphincter  are  feebly  developed. 
Gundobin  found  the  mucous  membrane  more  strongly  developed  in 
comparison  with  the  muscular  layer  in  the  new-born  infant  than  in 
the  adult,  whilst  the  elastic  tissue  is  feebly  developed. 

1  Winogradof,  Inaug.  Dissert.,  St  Petersburg,  1900. 
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Shape . — In  pre-natal  life  the  bladder  is  cylindrical  in  shape,  as 
contrasted  with  the  ovoid  shape  of  post-natal  life. 

Volume .- — All  investigations  to  determine  the  capacity  of  the 
bladder  confirm  Guyon’s  view  that  there  is  no  such  thing  as  an 
anatomical  but  only  a  physiological  capacity  of  the  bladder. 
Freudenstein  1  found  it  to  be  20  c.c.  per  kg.  body  weight  in  male 
full-term  foetuses,  and  21 -7  c.c.  per  kg.  in  female  foetuses. 
Kalaschnikoff 2  determined  the  bladder  capacity  in  foetuses  and 
infants,  by  removing  the  bladder  from  the  dead  body,  and  filling  it 
with  water  up  to  the  bursting  point.  He  found  it  to  be  40-42  c.c. 
in  foetuses  seven  to  eight  months,  and  44-70  c.c.  in  foetuses  eight  to 
nine  months.  The  capacity  of  the  adult  bladder  is  about 
2,000-2,800  c.c.  In  the  full-term  foetus  the  female  has  a  larger 
bladder  capacity  than  the  male.  The  same  holds  good  in  post-natal 
life  up  to  the  age  of  about  three  years,  when  the  proportion  is 
reversed. 

Evidence  of  the  Functional  Activity  of  the  Foetal  Kidneys. — 

1.  Urine  is  found  in  the  bladder  of  stillborn  mature  and  premature 
foetuses — according  to  Joseph  Englisch,3  even  as  early  as  in  the 
fifth  month. 

2.  It  is  a  common  obstetric  experience  to  see  the  foetus  micturate 
immediately  after  birth,  or  even  during  the  process  of  birth  in  cases 
of  breech  presentation. 

3.  When  substances  like  methylene  blue  or  salicylate  of  soda  are 
given  to  the  mother  during  labour,  they  can  be  detected  in  the  urine 
passed  by  the  infant  immediately  after  birth. 

4.  When  benzoate  of  soda  is  given  to  the  parturient  mother, 
hippuric  acid  can  be  detected  in  the  urine  of  the  new-born  infant. 
As  the  conversion  of  the  benzoate  into  hippuric  acid  is  known  to 
take  place  in  the  kidneys,  this  observation  is  sure  proof  of  the 
physiological  activity  of  the  foetal  kidneys. 

5.  Sulphindigotate  of  sodium  injected  into  the  abdominal  wall  of 
a  pregnant  animal  stains  the  epithelium  of  the  convoluted  tubules  of 
the  foetal  kidneys  within  twenty  minutes.4 

6.  Phloridzin  given  to  the  mother  gives  rise  to  glycosuria  in  the 
infant. 

7.  Glycerine  injected  subcutaneously  into  the  foetus  gives  rise  to 
foetal  haemoglobinuria,  so  that  the  convoluted  tubules  and  the 
pelvis  of  the  foetal  kidneys  are  filled  with  haemoglobin  within  one  and 
a  half  hours.5 

1  Dissertation,  Marburg,  1861.  2  Inaug.  Dissert.,  St  Petersburg,  1901. 

3  Arch.  f.  Kinderheilk ,  11,  1881. 

4  Wiener,  “  Zur  Physiol,  der  fotalen  Niere,”  Breslauer  drtzliche  Zeitschrift , 

24th  Sept.  1881.  5  Ibid. 
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Does  Micturition  take  Place  in  the  Foetus  ? — As  already  stated, 
opinions  are  not  agreed  about  the  point.  The  following  are  the 
arguments  for  and  against  such  an  occurrence. 

Arguments  in  Favour. — 1.  In  cases  of  congenital  occlusion  of 
the  urethra,  the  foetal  bladder  is  found  to  be  distended  with  urine  to 
such  an  extent  as  to  afford  an  obstacle  to  delivery. 

j 

2.  Urine  and  liquor  amnii  are  not  unlike  in  their  chemical 
composition. 

3.  In  twin  births  in  which  there  is  renal  and  cardiac  hypertrophy 
(with  raised  arterial  blood  pressure)  in  one,  there  is  also  hydramnios 
in  the  case  of  that  foetus,  but  not  in  the  case  of  the  healthy  twin.1 

Arguments  Against. — Drugs  administered  to  the  mother  either  by 
the  mouth  or  hypodermically  may  be  detected  in  the  foetal  urine,  but 
not  in  the  liquor  amnii.  Thus,  L.  Schaller2  gave  phloridzin  to 
parturient  women,  and  constantly  found  sugar  in  the  foetal  urine,  but 
he  very  rarely  found  it  in  the  amniotic  fluid. 

The  Mode  of  Formation  of  Foetal  Urine. — In  post-natal  life  it 
is  agreed  that  the  convoluted  tubules  secrete  the  solid  constituents 
of  the  urine,  and  that  the  water  is  abstracted  from  the  blood  by 
means  of  Bowman’s  capsule.  As  to  whether,  however,  the  capsules 
separate  the  water  by  a  process  of  filtration ,  or  by  one  of  actual 
secretion ,  physiologists  are  not  agreed.  In  the  foetus,  however,  the 
evidence  seems  to  point  in  the  direction  of  secretion  rather  than 
filtration ;  for  we  have  seen  that  in  early  foetal  life  the  difference 
between  the  arterial  and  venous  pressure  is  only  about  a  half  of 
what  it  is  in  the  adult,  i.e .,  too  small  to  enable  a  process  of  filtration 
to  occur  (see  p.  157). 

Characters  of  Foetal  Urine  (see  alsoUrine  of  New-Born,  Chap.  XXI., 
p.  290  et  seql). — Little  is  known  regarding  the  secretion  and  excretion 
of  the  various  urinary  constituents  in  the  foetus,  because  any  examina¬ 
tion  of  such  urine,  to  be  of  value,  must  be  made  in  foetuses  before  they 
have  taken  their  first  bieath,  since  the  oxygen  inspired  with  the  first 
inspiration  induces  certain  processes  of  oxidation,  which  may  con¬ 
ceivably  alter  the  characters  of  the  urine.  One  is  therefore  driven  to 
the  necessity  of  examining  the  urine  of  stillborn  but  normal  foetuses  ; 
but  the  bladder  of  such  foetuses  generally  contains  very  little  urine. 
Certain  facts  have,  however,  been  established  : — 

Colour. — Very  pale,  even  less  than  No.  1  on  the  Vogel  scale,3 
showing  that  very  little  urinary  pigment  is  formed  pre-natally. 

Reaction . — Virchow  found  the  foetal  urine  obtained  from  the 

1  Schatz,  Arch.fi  Gyndk .,  xi. ,  1875;  and  Kustner,  Ibid. ,  xx.,  1882. 

2  Centralbl.  f.  Gyndk.,  xxii.,  1898. 

3  Dohrn,  “  Fotusharn,”  Monatschr.fi  Geburlskunde ,  xxix.,  1867. 
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renal  pelvis  as  well  as  from  the  bladder  to  be  acid.  The  reaction, 
however,  soon  changes  to  neutral  or  alkaline  on  exposure  to  air. 

Specific  Gravity. — This  is  not  known  with  certainty.  Dohrn 
found  it  to  be  1,012  in  a  premature  stillborn  foetus. 

Total  Solids. — Determinations  by  different  authorities  do  not 
agree.  Hoppe  gives  the  total  solids  in  the  urine  from  the  bladder 
of  a  stillborn  infant  as  only  034  per  cent.,  whilst  other  observers 
found  it  to  be  as  high  as  4*88  per  cent.1 

Urea. — The  amount  of  urea  at  birth  varies  with  the  state  of 
the  mother  during  parturition.  Hofmeier2  found  it  to  be  024 
per  cent,  in  six  infants  born  in  a  normal  manner.  In  cases,  how¬ 
ever,  where  the  mother  was  given  chloroform,  the  urea  percentage 
in  the  foetal  urine  became  doubled. 

Uric  Acid. — This  substance  is  nearly  always  found  in  foetal  urine 
at  birth.  Wohler,  in  1846,  found  a  uric  acid  calculus  in  a  stillborn 
premature  foetus,  and  Virchow  was  able  to  demonstrate  a  sediment 
of  ammonium  urate  in  the  urine  of  a  foetus  that  died  as  the  result 
of  a  forceps  delivery.3 

For  Uric  Acid  Infarcts,  see  Chap.  XXI. 

Creatin  has  also  been  found.4 

Albumen. — This  is  sometimes  found  immediately  after  birth. 
As  to  the  cause  of  the  albuminuria,  several  theories  have  been 
suggested.  Some  believe  it  to  be  due  to  the  irritation  of  the  uric 
acid ;  others  attribute  it  to  difficult  labour,  whilst  others  again 
ascribe  it  to  disturbed  circulation,  due  to  compression  of  the  thorax 
at  birth.  4'hus  Schreiber 5  compressed  the  thorax  in  twenty-six 
young  people  for  two  hours,  and  found  a  considerable  amount  of 
albumen  (up  to  2  per  cent.)  in  twenty  two  of  those  cases,  lasting 
for  as  long  as  one  to  three  hours.  (See  further,  p.  302.) 

Products  ofi  Intestinal  Decomposition 

Indican  is  said  to  have  been  found  at  birth. 

Indigo  was  tested  for  by  Senator6  in  six  cases  with  negative 
results. 

AEthereal  Sulphates. — Senator  found  small  quantities  in  the  seven 
new-born  foetuses  in  which  he  tested  for  them.  It  is  difficult  to 
say  where  these  come  from,  since,  as  we  have  seen,  the  meconium 
contains  no  indol  or  other  products  of  decomposition.  It  is 

1  See  Preyer,  op.  cit.,  p.  334. 

2  Virch.  Arch.,  lxxxix.,  1882. 

;f  Quoted  by  Preyer,  op.  cit.,  p.  334. 

4  See  Ballantyne,  “Ante-Natal  Pathology:  The  Foetus,”  p.  162. 

;>  Arch.  exp.  Pathol.,  xix. ,  1885. 

b  Zeitschr.  f.  Physiol.  Chem.,  iv.,  1880. 
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possibly  derived  from  the  decomposed  albumen  of  the  foetal 
tissues. 

Bilirubin  is  not  found  in  foetal  urine,  but  is  occasionally  found, 
together  with  uric  acid  infarcts,  in  infants  one  day  old. 

Sodium  Chloride. — Wislicenus  and  Gusserow 1  found  0*18  per 
cent.  NaCl  in  the  urine  of  a  stillborn  foetus.  The  total  amount  of 
chlorine  fluctuates  between  0*02  and  0*3  per  cent.,  and  apparently 
varies  with  the  amount  of  salt  taken  by  the  mother. 

( C )  Skin  Excretions. 

(a)  Sweat. — The  sweat  glands  begin  to  develop  in  the  fifth  month, 
and  the  sweat  pores  and  sweat  canals  are  not  visible  till  the  seventh 
month  of  intra-uterine  life.  The  glands  are  not  yet  fully  developed 
even  at  birth.  These  facts  disprove  the  old  view  that  the  foetal  per¬ 
spiration  is  the  chief  source  of  liquor  amnii. 

Theoretically,  there  should  be  no  perspiration  taking  place  in  the 
foetus,  since  the  chief  object  of  perspiration  is  to  cool  the  body  by 
evaporation  of  the  sweat  in  the  air,  but  the  foetus,  in  virtue  of  its  being 
surrounded  by  liquid,  can  have  no  evaporation  taking  place  from  its 
surface — in  spite  of  the  fact  that  the  temperature  of  the  liquor  amnii 
is  higher  than  the  infant’s  surroundings  in  post-natal  life.  Immediately 
after  birth,  an  infant  will  perspire  if  wrapped  up  in  blankets  of  bad 
heat  conductivity,  but  not  when  immersed  in  water — even  if  the 
temperature  of  the  water  is  higher  than  the  body  temperature.  One 
may  therefore  conclude  that  although  the  perspiratory  apparatus  of 
the  foetus  is  ready  to  function  during  the  later  period  of  intra-uterine 
life,  it  probably  does  not  do  so  on  account  of  the  nature  of  its 
environment.  But,  as  Preyer  says,  “in  spite  of  these  theoretical 
considerations  it  would  be  bold  to  assert  that  intra-uterine  perspira¬ 
tion  never  occurs.” 

(b)  Vernix  Caseosa. — This,  though  often  present  in  the  new-born 
foetus,  is  not  always  so.  Elsasser 2  found  it  entirely  absent  in  nearly 
half  the  new-born  foetuses  examined,  and  in  some  of  the  other  half  it 
was  present  almost  as  thick  as  a  finger.  That  this  substance  is  a 
secretion  of  the  sebaceous  glands  is  probable  from  the  fact  that  its 
presence  is  most  abundant  in  those  parts  in  which  the  sebaceous 
glands  are  most  numerous,  and  is  absent  in  the  parts  of  the  skin  in 
which  such  glands  are  absent — like  the  palms  and  soles. 

Composition. — According  to  Wislicenus  vernix  caseosa  consists 
entirely  of  fat.  Buck  3  gives  the  following  composition  : — 

1  Gusserow,  Arch.  f.  Gyntik . ,  iii.,  1872. 

2  Quoted  by  Preyer,  p.  338. 

3  “  De  Vernice  Caseosa,7'  Dissert.,  Halae,  1844,  quoted  by  Vierordt  in  “  Daten 
und  Tabellen.” 
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Water 

Epithelium  and  albumen 
Fat  and  fatty  acids  - 
Ash  - 


84*45  per  cent. 


5*4 


j? 


10*15 

0*3 


55 

55 


( D )  The  Placenta  as  the  Chief  Excretory  Organ  of  the  Foetus. 

By  far  the  most  important  of  the  excretory  organs  of  the  foetus  is 
the  placenta.  Earlier  authors  were  of  opinion  that  the  placenta  was 
only  concerned  with  the  transference  of  material  from  the  mother  to 
the  foetus,  but  that  nothing  was  carried  by  the  placenta  in  the  opposite 
direction,  i.e.,  from  the  foetus  to  the  placenta.  In  1848  Alexander 
Harvey  and  IVEGillivray1  were  strongly  of  the  opinion  that  diffusion 
was  taking  place  in  the  placenta  in  both  directions,  i.e.,  towards  the 
foetus  and  away  from  it.  Indeed,  the  questionable  fact  of  telegony 
{i.e.,  infection  of  the  mother  by  the  foetus  with  the  peculiarities  of  the 
father  in  such  a  way  that  later  offspring  from  the  same  mother,  but 
from  a  different  father,  resembled  the  father  of  the  first  foetus)  was 
explained  in  that  way. 

W.  S.  Savory,2  in  1858,  was  the  first  one  to  demonstrate  experi¬ 
mentally  the  transmission  of  foreign  material  from  the  foetus  to  the 
mother  through  the  placenta.  Savory  performed  the  following 
experiments  : — 

(i.)  He  injected  strychnine  into  two  foetuses  of  a  bitch,  extracted 
from  the  uterus,  but  still  attached  to  their  mother  by  the  cord.  The 
foetuses,  in  a  state  of  convulsion,  were  then  replaced,  and  the  uterus 
sewn  up.  Nine  minutes  later  the  mother  became  convulsed,  and 
died  within  half  an  hour.  Soon  after  the  uterus  was  again  opened, 
and  four  foetuses  were  removed.  Of  these  the  two  that  had  been 
injected  were  dead,  but  the  other  two  were  alive. 

(ii.)  He  then  injected  strychnine  into  a  foetal  kitten  that  had  been 
separated  from  its  mother  by  the  tying  of  the  cord,  and  placed  it  in 
a  convulsed  condition  into  the  abdomen  of  another  cat.  This  cat 
did  not  develop  convulsions. 

These  two  experiments  conclusively  prove  that  the  strychnine  is 
carried  by  the  umbilical  cord  through  the  placenta  to  the  mother. 

(iii.)  Lastly,  Savory  injected  strychnine  into  the  six  foetuses  of  a 
pregnant  rabbit  still  attached  to  the  mother.  All  these  developed 
convulsions,  but  they  survived  their  mother,  which  became  convulsed 
after  fifteen  minutes,  and  died  three  or  four  minutes  later. 

These  experiments  have  been  confirmed  by  Gusserow,  and  Preyer 

1  Monthly  Journ.  Med.  Sci.,  1848. 

2  Lancet,  1,  1858. 
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obtained  similar  results  from  experiments  with  nicotine,  prussic  acid, 
and  curare. 

Lannois  and  Brian 1  injected  methylene  blue  and  other  drugs 
into  foetuses,  and  were  able  to  detect  the  presence  of  those  drugs  in 
the  maternal  tissues  and  urine.  Guinard  and  Hochwelker 2  injected 
rosanilin  trisulphonate  of  soda  into  a  foetus,  and  recovered  it  in  the 
maternal  urine  and  blood.  They  were,  however,  unable  to  detect  it 
in  the  mother  if  the  foetal  circulation  was  stopped  after  injection  of 
that  substance.  Charrin,3  experimenting  with  the  toxins  of  diphtheria 
and  of  other  organisms,  came  to  the  conclusion  that  “such  substances 
deposited  in  the  foetus,  either  directly  or  through  the  spermatic  fluid 
of  the  father,  can  be  transmitted  to  the  mother ;  if  they  do  not  pass 
easily  or  in  great  quantity  through  the  placenta,  a  condition  of 
maternal  immunisation  may  be  produced,  as  is  seen  in  Codes’  law  in 
syphilis.” 

Further  evidence  in  the  same  direction  is  the  observation  of 
Zweifel,  already  cited  on  p.  141,  Chap.  X.,  viz.,  the  withdrawal  of 
oxygen  by  the  mother  from  the  foetus  in  cases  of  maternal  asphyxia, 
as  well  as  the  transfer  of  internal  secretions  from  the  foetus  to  the 
mother  (see  Chap.  XIII.). 

Although  the  transfer  of  C02  and  of  other  products  of  foetal 
metabolism  from  the  foetus  to  the  mother  through  the  placenta  has 
not  been  demonstrated  experimentally,  yet  there  can  be  very  little 
doubt  but  that  such  a  transfer  does  take  place.  Indeed,  some  people 
believe  that  eclampsia  of  pregnancy  is  due  to  a  maternal  toxaemia 
from  the  foetus. 

1  Lyon  Med.,  Ixxxvii.,  1898. 

2  Journ.  de  Physiol,  et  de  Path.  Gen.,  1,  1899. 

3  Ann.  de  Gynec.  et  d'obstetr.,  1,  1898,  quoted  by  Ballantyne,  “The  Foetus,” 
p.  163. 
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“And  now  (on  the  sixth  day  of  incubation)  the  embryo  has  a  power  of 
motion,  and  raises  its  head  and  slightly  twists  itself,  although  there  is  still  nothing 
of  the  brain  to  be  seen,  but  only  a  little  limpid  fluid  enclosed  in  a  vesicle.  .  .  . 
Towards  the  end  of  this  day  and  the  beginning  of  the  seventh,  the  toes  are 
distinguished,  and  the  embryo  already  presents  the  outlines  of  the  chick,  and 
opens  its  beak,  and  kicks  with  its  feet.” 

Harvey,  on  “Generation”  (1651). 

Structure  of  Muscle. — Many  observers  have  shown  that  the 
microscopic  structure  of  muscle  in  new-born  infants  is  not  yet  fully 
developed.  Harting 1  found  that  there  is  more  connective  than 
muscular  tissue  during  intra-uterine  life.  Babinski  and  Onanoff 2 
examined  the  muscles  of  a  five  months’  human  foetus,  and  came  to 
the  conclusion  that  the  muscles  which  develop  most  rapidly  are 
those  which  are  most  liable  to  atrophy  in  post-natal  life.  Kolliker 
has  shown  that  growth  of  muscle  takes  place  as  the  result  of  the 
increase  in  length  and  width  of  the  primary  muscle  bundles,  and  is 
accompanied  by  great  multiplication  of  nuclei.  He  finds  that  the 
muscle  fibres  are  five  times  as  thin  in  the  new-born  as  they  are  in  the 
adult,  and  that  they  are  somewhat  quadrilateral  instead  of  round  on 
cross  section.  Westphal3 4  found  that  the  individual  fibres  of  the 
same  muscle  are  not  of  the  same  thickness,  but  that  their  diameter 
in  the  new-born  infant  varies  between  5  /x  and  10  /x.  At  one 
year  their  average  diameter  is  28  /x,  and  in  adult  life  it  is  36  /x. 

Chemical  Composition.  —  Jakubowitch 4  made  a  systematic 
examination  of  the  muscles  in  the  foetal  calf.  He  found  that  the 
nearer  the  foetus  approaches  maturity,  the  less  becomes  the 
percentage  of  water,  and  the  greater  the  amount  of  solid  and  ash 
constituents  in  its  muscles.  There  is  an  increase  in  the  amount  of 
fat,  lecithin,  and  cholesterin,  and  a  decrease  in  the  amount  of 
creatinin.  The  amount  of  phosphoric  acid  gradually  increases, 
whilst  the  sulphuric  acid  contents  remain  the  same.  Baimakoff5 

1  Quoted  by  Gundobin,  op.  cit .,  p.  57. 

2  Compt.  Rend.  Soc.  Biol.,  1888. 

:!  Arch.  Psychiatrie ,  1894. 

4  “  Medizinskoye  Obosreniye  ”  (Russian),  1891. 

0  Inaug.  Dissert.,  St  Petersburg,  1904. 
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investigated  the  chemical  composition  of  muscle  in  new-born  infants, 
and  of  children  up  to  the  age  of  two  years.  His  results  are  given  in 
the  following  table  :  — 


Age. 

Water. 

Solids. 

Albumen. 

At  birth  - 

81-65 

18-35 

11-38 

,,  3  months 

79-22 

20-78 

12-22 

,,  2  years 

77-21 

22-79 

13-05 

From  this  it  is  seen  that,  as  is  the  case  in  the  foetus  as  a  whole, 
the  percentage  of  water  gradually  decreases,  and  that  of  the  solids 
correspondingly  increases  from  birth  onwards. 

As  regards  the  nature  of  the  albuminous  substances  Baimakoff 
finds  that  at  birth  globulin  and  myosin  are  present  in  approximately 
equal  amounts,  viz.,  4-9  per  cent,  and  5*01  per  cent,  respectively, 
but  that  whilst  the  percentage  amount  of  globulin  remains  the  same, 
that  of  myosin  gradually  increases  after  the  age  of  one  month,  so 
that  it  becomes  6'41  per  cent,  at  two  years.  As  the  contractility  of 
muscle  depends  upon  its  myosin,  this  fact  explains  the  peculiar 
characterisation  of  the  foetal  muscle  curve  (see  p.  203). 

As  regards  the  total  ash,  this  increases  from  0’84  per  cent,  at 
birth  to  L25  per  cent,  at  three  months,  and  L55  per  cent,  at  two 
years.  The  amount  of  iron  increases  from  0-004  per  cent,  at  birth 
to  0-07  at  two  years.  Foetal  muscle  also  contains  glycogen,  creatin, 
nuclein,  and  hypoxanthin. 

Creatin  in  Muscle. — Mellanby  1  gives  the  following  table  repre¬ 
senting  the  percentages  of  creatin  in  muscles  at  different  stages  of 
development : — 


Rabbit  (foetal,  21  days) 
7  days  old 
9 

12 
19 


55 


5  5 


55 


55 


55 


5  5 


55 


55 

55 


55 


25 

39 

46 

adult 


55 

55 

55 


A  trace. 

0*191  per  cent. 
0*228 
0-283 
0-316 
0-300 
0-390 
0-373 
0-435 


55 


55 


55 


55 


55 


55 


The  presence  of  hypoxanthin  and  creatin  is  per  se  no  evidence 
of  the  formation  of  oxidation  products  inside  the  foetus  itself,  because 


1  Journ.  Phys . ,  xxxvi. ,  1908,  p.  445. 
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they  might  conceivably  be  derived  from  the  maternal  blood ;  but  as 
similar  products  are  also  found  in  the  muscles  of  non-mammalian 
embryos,  the  conclusion  is  forced  upon  one  that  these  substances 
represent  oxidation  products  of  foetal  metabolism. 

Rigor  Mortis. — The  rigidity  that  muscle  undergoes  after  death 
is  due  to  the  coagulation  of  the  myosin.  The  presence  of  myosin 
in  foetal  muscle  is  in  itself  presumptive  evidence  against  the  oft- 
repeated  assertion  that  rigor  mortis  never  occurs  in  the  foetus. 
Ballantyne  1  recorded  a  case  of  rigor  mortis  in  a  five  months’  foetus. 
As,  however,  muscle  becomes  stiff  sooner  after  activity — as  the 
result  of  the  development  of  sarcolactic  acid  which  coagulates  the 
myosin — it  is  theoretically  to  be  expected  that  in  early  foetal  life, 
when  foetal  movements  are  feeble,  cadaveric  rigidity  should  take 
place  very  slowly. 

The  Response  of  Foetal  Voluntary  Muscle  to  Electrical  and  other 
Stimuli. — As  early  as  1803,  Xavier  Bichat2  found  that,  on  mechanical 
or  electrical  stimulation  of  foetal  guinea-pigs,  their  striped  muscles 
and  their  motor  nerves,  as  well  as  of  the  parts  of  their  central 
nervous  system,  the  resulting  movements  varied  in  intensity  with 
the  age  of  the  foetus — the  more  premature  the  foetus  the  less  well 
marked  and  the  less  rapid  were  the  movements.  Preyer  removed 
foetal  rabbits,  and  tetanised  their  spinal  cords  by  means  of  induced 
currents.  He  obtained  typical  tonic  contractions  as  well  as 
inspiratory  tetanus  with  widely  open  mouths  and  outstretched 
limbs. 

In  this  respect  the  nearly  mature  foetus  behaved  more  like  a 
post-natal  animal  than  did  the  more  premature  foetus.  Soltmann 3 
was  the  first  to  show  that  the  myogram  (muscle  curve)  obtained 
from  the  muscles  of  a  new-born  animal  resembled  the  fatigue  muscle 
curve  of  the  adult  animal.  The  contraction  phase  takes  place 
more  slowly,  lasts  longer,  and  remains  longer  at  its  maximum.  The 
relaxation  phase  takes  place  more  slowly  and  lasts  a  few  seconds. 
In  other  words,  the  contractions  of  the  muscles  of  the  new-born 
animal  show  the  characters  of  fatigue  (see  p.  360). 

Soltmann  further  found  that  to  produce  tetanus  in  the  muscle 
of  a  new-born  rabbit  sixteen  induced  current  shocks  per  second  were 
required  as  against  seventy  shocks  per  second  in  the  case  of  the  adult 
rabbit.  These  results  of  Soltmann  have  been  confirmed  by  A. 
Westphal  in  the  case  of  children4  and  by  Narbutt  in  the  case  of 

1  “  Teratologia,”  ii. ,  1895. 

2  Quoted  by  Preyer,  op.  cit . 

3  Jahrb.  Kinder heilk,  1878. 

4  Arch.  Psychiatrie ,  1894. 
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other  new-born  animals.1  Krasnogorski  recently  repeated  Soltmann’s 
experiments  on  premature  foetuses  (see  p.  354). 

The  Effect  of  Curare  on  Foetal  Muscles. — Preyer  has  shown  that 
subcutaneous  injections  of  curare  (which  paralyses  the  motor  nerve 
endings  or  end-plates  in  a  muscle)  take  longer  to  act  in  premature 
than  in  mature  foetuses,  and  longer  in  new-born  than  in  adult  animals, 
showing  that  the  neuro-muscular  endings  are  not  yet  fully  developed 
even  at  birth. 

The  following  experiment  of  Preyer’s 2  is  very  instructive : — 
He  injected  into  the  foetus  inside  the  uterus  of  a  pregnant  guinea-pig 
(near  full  term)  that  quantity  of  curare  which  was  sufficient  to 
paralyse  an  adult  guinea-pig  in  ten  minutes,  but  paralysis  only 
ensued  in  the  foetus  after  eighty  minutes.  Moreover,  the  curare 
was  absorbed  by  the  placenta,  and  killed  the  mother  without  killing 
the  fcetus,  showing  how  insusceptible  the  foetus  is  towards  this 
poison. 

The  Response  of  Foetal  Involuntary  Muscle  to  Electrical 
Stimulation. — Preyer,  in  1879,  experimenting  with  the  chick  embryo, 
found  that  involuntary  muscles  respond  quicker  to  electrical 
stimulation  than  voluntary  muscles,  so  that  half  a  minute’s  stimulation 
is  sufficient  to  cause  distinct  vaso-constriction.  This  fact  had  been 
observed  by  Kolliker  in  1848  in  the  case  of  the  umbilical  blood 
vessels  of  human  foetuses. 

Foetal  Movements. — These  may  be  divided  into  : — 

(1)  Movements  of  the  limb  and  body. 

(2)  Movements  of  the  various  organs. 

Although  foetal  movements  become  perceptible  to  the  mother 
(as  “  quickening  ”)  only  as  late  as  the  seventeenth  or  eighteenth  week 
of  pregnancy,  and  are  not  palpable  or  audible  by  the  doctor  before 
the  fifteenth  or  sixteenth  week,  yet  there  is  no  doubt,  both  from 
experiments  on  animals  and  from  observations  on  premature  human 
foetuses,  that  foetal  movements  occur  long  before  then — possibly  even 
as  early  as  the  fifth  or  sixth  week.  In  an  eight  weeks’  abortion,  the 
umbilical  cord  shows  regular  spiral  twists.  As  in  animals  which 
carry  many  young  at  one  time,  and  in  which  the  foetus  has  therefore 
no  room  to  turn  round  inside  the  uterus,  the  umbilical  cord  shows 
no  spiral  arrangement,  the  twisted  cord  probably  indicates  foetal 
rotatory  movements. 

In  the  guinea-pig,  Preyer  saw  foetal  movements  at  a  time  when 
the  placenta  was  barely  1J  cm.  in  diameter.  The  application  of 

1  “  Nevrolog.  Viestnik  ”  (Russian),  1902. 

2  Op.  cit .,  p.  221. 
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graphical  methods  to  record  foetal  movements  was  first  made  by 
Braxton  Hicks,1  but  was  systematised  later  by  Ahlfeld. 

Varieties  of  Foetal  Bodily  Movements. — The  movements  of  the 
limbs  and  body  have  been  divided  by  Preyer  into  the  following 
varieties  : — 

1.  Allokinetic ,  i.e.,  Independent  of  the  Motor  Centres 

(o)  Passive ,  e.g .,  movements  that  can  be  imparted  to  the  foetus  by 
giving  its  body  a  gentle  push  through  the  maternal  abdominal  wall. 
This  is  called  the  “  Ballottement  ”  sign  of  pregnancy,  and  is  best 
elicited  between  the  sixteenth  and  the  thirty-second  week  of 
pregnancy.  Other  passive  movements  occur  as  the  result  of  the 
movements  and  changes  of  position  of  the  mother. 

(h)  Irritative ,  e.g.,  those  that  may  be  excited  in  the  foetus  by 
various  poisonous  substances  circulating  in  the  maternal  blood. 
Very  little  is  known  about  such  movements.  Indeed,  the  experi¬ 
ments  of  Preyer  and  of  Gusserow  on  pregnant  animals  have  shown 
that  strychnine  injected  into  the  mother  failed  to  call  forth  convulsions 
in  the  foetus,  because  the  foetal  spinal  cord  and  motor  nerves  are  not 
fully  developed  yet. 

E.  A.  Graham,2  however,  experimenting  on  animals,  has  found 
that  probably  all  foetal  movements — with  the  exception  of  swallowing 
and  sucking— are  irritative  ones,  and  are  due  to  various  degrees  of 
maternal  asphyxia  (see  p.  207). 

(c)  Reflex,  e.g.,  withdrawal  of  hand  when  touched  by  the  accou¬ 
cheur  or  the  clasping  of  his  finger  in  the  course  of  various  intra-uterine 
manipulations  ;  or  the  sucking  of  the  accoucheur’s  examining  finger 
in  cases  of  face  presentations.  Hiccough  also  occurs  in  the  foetus. 
This  physiological  contraction  of  the  foetal  diaphragm  was  first 
described  by  Mermann,  but  has  been  more  fully  studied  by  Ahlfeld. 
De  Lee3  heard  it  as  early  as  in  the  fifth  month  of  pregnancy.  In 
one  case  described  by  De  Lee  the  hiccough  was  heard  distinctly 
just  before  the  child  was  born,  and  within  a  minute  after  birth. 
The  hiccoughing  was  so  loud  that  it  was  heard  in  the  next  room. 
The  movements  are  short,  quick  jerks  of  the  shoulder  and  trunk, 
occurring  fifteen  to  thirty  times  a  minute,  are  regular  and  visible  as 
well  as  audible  to  the  observer,  and  may  be  a  source  of  great 
annoyance  to  the  mother. 

1  Transact.  Lond.  Obst.  Soc.,  xxii.,  1880. 

2  Surgery,  Gyncecology ,  and  Obstetrics,  xix.,  1914. 

3  “  Principles  and  Practice  of  Obstetrics,”  Philadelphia  and  London,  1917, 
p.  59. 
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2.  Autokinetic ,  i.e.,  Depending  on  the  Foetal  Motor  Centres 

(a)  Impulsive ,  e.g.,  purposeless  movements  of  the  limbs,  or 
stretching  movements  of  the  body  inside  the  uterus. 

(b)  Instinctive ,  e.g.,  swallowing,  sucking,  and  respiratory  move¬ 
ments.  That  swallowing  movements  take  place  is  certain  from  the 
fact  that  meconium  contains  the  constituents  of  liquor  amnii  (see 
p.  192).  As  in  the  act  of  deglutition  are  involved  not  only  a  large 
number  of  muscles  (which  must  both  be  differentiated  and  capable 
of  stimulation),  but  also  six  cerebral  nerves  and  a  deglutition  centre 
in  the  medulla,  such  an  act  is  theoretically  impossible  before  the 
fourth  month.  As  regards  sucking  movements,  Ahlfeld  records  a 
case  where  the  child’s  thumb  was  swollen  at  birth,  and  the  child 
immediately  put  the  swollen  finger  in  its  mouth  to  suck  it.  This  act, 
however,  is  also  theoretically  impossible  before  the  fourth  month 
(see  also  under  Reflex  Movements,  above).  Respiratory  movements 
have  already  been  described  (see  Chap.  X.,  p.  146) 

Movements  of  the  Foetal  Organs. — Under  this  heading  come 
the  movements  of  the  heart,  and  the  peristaltic  movements  of  the 
gastro-intestinal  tract.  The  cardiac  movements  and  intestinal  peristalsis 
have  already  been  described  on  pp.  157  and  193  respectively. 

As  regards  the  movements  of  the  stomach,  Carlson  and  Ginsburg  1 
made  a  number  of  observations  on  new-born  infants  and  on  two 
pups  born  eight  to  ten  days  before  term,  with  results  showing  that  the 
empty  stomach  in  the  foetus  exhibits  the  typical  periods  of  tonus 
and  hunger  contractions  of  the  adult,  the  only  difference  between 
them  being  the  greater  frequency  (every  ten  to  fifteen  minutes)  and 
the  relatively  greater  vigour  of  these  periods  in  the  foetus.  The 
method  adopted  was  to  allow  the  infants  or  animals  to  swallow 
a  delicate  rubber  balloon  of  15  c.c.  capacity  attached  to  a  flexible 
rubber  catheter  of  2  mm.  diameter,  ending  in  a  chloroform  mano¬ 
meter.  The  infant  soon  went  to  sleep  without  being  in  any  way 
disturbed,  thus  eliminating  all  nervous  inhibitory  factors  and  dis¬ 
turbances  from  body  movements  and  irregularities  in  respiration. 

Mechanism  of  Hunger  Contractions. — Carlson  has  shown  that 
in  adult  animals  the  sensory  mechanism  involved  in  the  production 
of  these  hunger  pains  or  contractions  resides  in  the  walls  of  the 
stomach  itself,  since  these  contractions  (which  only  appear  when 
the  stomach  is  empty)  occur  even  after  section  of  both  vagi  and 
splanchnics.  Hence  it  is  clear  the  gastric  hunger  mechanism  is 
completed  physiologically,  and  is  probably  active  some  time  before 
birth  (see  p.  461). 


1  Amer.  Journ.  Physiol . ,  38,  1915. 
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Cause  of  Foetal  Body  Movements. — According  to  Fere1  all 
foetal  movements  are  of  reflex  origin.  He  enumerates  various 
stimuli  which,  he  believes,  cause  reflex  uterine  contractions,  which, 
in  their  turn,  compress  the  foetus  and  make  it  move.  The  stimuli 
are  loud  sounds,  strong  smells,  maternal  emotions,  fatigue,  hunger, 
etc.  X-rays  are  also  known  to  give  rise  to  violent  foetal  movements, 
a  fact  which  makes  it  difficult  to  obtain  a  skiagram  of  the  unborn 
foetus.  E.  A.  Graham 2  recently  investigated  the  subject  experi¬ 
mentally  in  guinea-pigs.  He  finds  that  in  foetal  asphyxia  produced 
by  compression  of  either  the  uterine  arteries  or  the  umbilical  cord, 
or  of  the  maternal  trachea,  or  by  the  maternal  inhalation  of  C02,  all 
foetal  bodily  movements  except  swallowing  and  sucking  can  be 
produced,  showing  that  these  movements  are  due  to  some  disturb¬ 
ance  of  the  foetal  circulation,  resulting  in  a  certain  degree  of 
asphyxia.  In  one  experiment  under  the  influence  of  C02  inhala¬ 
tion,  the  foetal  movements  were  so  violent  that  the  foetus  nearly 
ruptured  the  membranes.  Graham  believes  that  the  asphyxia  gives 
rise  to  an  increased  H  ion  concentration  in  the  foetal  blood,  so 
that  foetal  movements  like  the  respiratory  movements  in  the  adult 
are  due  to  the  same  cause. 

Graham  failed  to  elicit  the  foetal  respiratory  movements  described 
by  Ahlfield,  but  as  the  animals  he  used  were  so  small  these  rapid 
superficial  movements  may  have  escaped  recognition.  T.  Graham 
Brown 3  obtained  movements  resembling  progression  in  a  foetal 
kitten  shelled  out  of  the  uterus  into  warm  saline,  on  compressing 
the  umbilical  cord.  He  is  therefore  of  opinion  that  the  mechanism 
for  co-ordinate  progression  develops  during  intra  uterine  life,  and 
that  “  quickening  ”  may  be  due  to  similar  progressive  movements  in 
the  human  foetus. 

Vagitus  Uterinus. — That  intra-uterine  respiration  can  occur  is 
quite  certain.  Many  cases  of  this  phenomenon,  which  is  called 
vagitus  uterinus,  have  been  described,  and  the  author  has  himself 
recorded  such  a  case.4  This  crying  may  occur  as  the  result  of  the 
introduction  of  air  into  the  uterine  cavity  during  internal  manipula¬ 
tion,  e.g.,  application  of  forceps.  It  is  possible  for  the  child  to 
remain  alive  after  birth — the  child  in  whom  the  author  noticed 
the  phenomenon  is  now  twelve  years  old — a  fact  which  indicates 
that  for  some  reason  or  another  liquor  amnii  does  not  enter  the  lung. 

Independence  between  Fcetal  Movements  and  Cerebral  Activity. 

- — The  fact  that  foetal  movements  occur  in  anencephalic  and 

1  “Sensation  et  Mouvement,”  Paris,  1900. 

2  Loc.  cit . 

3  Journ.  Physiol . ,  xlix. ,  1914-15,  p.  208. 

4  Brit.  Med.  Journ.,  22nd  Feb.  1908,  p.  484. 
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acephalic  foetuses  proves  that  such  movements  are  independent 
of  the  brain.  Respiratory  activity,  however,  soon  after  birth  depends 
upon  the  integrity  of  the  medulla.  Soltmann 1  experimentally 
removed  the  brain  from  new-born  animals,  and  found  that  the 
movements  of  the  limbs  were  not  interfered  with.  Similarly  in 
cases  of  craniotomy  in  the  human  foetus  movements  may  still 
persist.  Indeed,  Soltmann  has  shown  that  electrical  stimulation  of 
the  brain  in  a  new-born  pup  or  rabbit  does  not  call  forth  any 
muscular  movements.  (See  further,  next  Chapter.) 

1  Jcihrb.  f  Kinder heilk,  ix. ,  1876. 


CHAPTER  XVI 


THE  FCETAL  NERVOUS  SYSTEM 

“The  c- nival  nervous  system  of  the  new-born,  and  even  that  of  the  older 
child,  is  not  simply  quantitatively,  but  it  is  also,  and  more  especially,  qualitatively, 
an  inadequate  organ,  which  at  the  outset,  moreover,  is  physiologically  active  only 
in  part.’’’  H.  P.  PFISTER.1 

In  this  chapter  we  shall  have  to  consider  the  brain  and  the  spinal 
cord  (which  together  form  the  central  nervous  system),  and  the  motor 
and  sensory  nervous  system  in  connection  with  muscles  and  glands, 
and  with  peripheral  sense  organs  respectively. 

THE  BRAIN 

Physiological  Anatomy  and  Embryology. 

Weight. — The  weight  of  the  foetal  brain  has  been  studied  by 
several  investigators,  but  Rudinger 2  is  the  one  who  investigated  the 
largest  number  of  cases.  His  results  are  summarised  in  the  table 
on  p.  210. 

All  observers  agree  that  the  human  foetal  brain  grows  most 
rapidly  during  the  second  half  of  pregnancy.  Also  the  brain  of  the 
male  foetus  is  generally  heavier  than  that  of  the  female  foetus. 

At  birth  the  brain  is  relatively  large,  being  one-quarter  of  its 
ultimate  weight  (see  table,  p.  210),  the  other  organs  being  only  one- 
fourteenth  to  one-tenth  of  their  ultimate  weight. 

The  proportion  of  brain  and  body  weight  is  about  1  :  8  at  birth, 
and  1  :  40  in  the  adult. 

The  Cerebral  Lobes  or  Gyri  and  Fissures  or  Sulci. 

According  to  Ecker,  the  age  of  the  foetus  can  be  determined  from 
the  appearance  of  its  brain,  i.e.,  from  the  presence  or  absence  of 
particular  lobes  and  fissures. 

The  investigations  of  Fischer,  however,  have  shown  that  Ecker’s 
statement  is  not  quite  correct.  Before  the  third  or  fourth  month 

1  Pfaundler  and  Schlossmann’s  “  Diseases  of  Children,”  Philadelphia  and 
London,  1908  vol.  iv.,  p.  111. 

2  Quoted  by  Gundobin. 
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of  foetal  life  the  surface  of  the  brain  is  quite  smooth,  and  is  entirely 
composed  of  grey  matter  (Fig.  49). 

Male  Foetuses 


Age. 

Number  of 
Cases. 

Weight  of 
Brain  in  Gm. 

Weight  of 
Body  in  Gm. 

Length  of 
Body  in  Mm. 

4  months 

5 

6 

58-2 

435-0 

262 

6  „ 

7 

95-2 

561-0 

317 

^  y> 

5 

140-1 

1061-0 

370 

8  „ 

6 

217-2 

1582-0 

402 

9  „ 

2 

229-7 

1525-0 

435 

10  „ 

1 

247-0 

1425-0 

400 

Female  Foetuses 

4  months 

3 

47-3 

363-0 

210 

5 

5 

58-9 

428-0 

276 

6  „ 

1 

87-0 

623-0 

330 

7 

7 

124-0 

1104-0 

363 

8  „ 

1 

226-0 

9  „ 

1 

205-5 

2129-0 

410 

10  „ 

1 

333-5 

2155-0 

480 

The  following  table  (abridged  from  Wolipin  !)  gives  the  weights 
of  the  individual  parts  of  the  brain  in  males  : — 


Age. 

Weights  (in  gm.)  of 

Body. 

Whole 

Brain. 

Cerebellum. 

Medullaand  Pons. 

Foetus,  8  months 

2,440 

248 

19 

4-5 

At  birth 

2,785 

389 

23 

5-6 

,,  1  year  - 

8,500 

925 

94 

10 

,,  10  years 

23,000 

1,362 

138 

23-8 

„  16  „ 

26,000 

1,480 

152 

22-5 

The  weight  of  the  cerebrum  is  305-345  gm.  at  birth. 

1  Inaug.  Dissert.,  St  Petersburg,  1902. 
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As  the  foetus  grows  certain  folds  and  fissures  appear,  splitting  the 
brain  up  into  several  lobes,  and  giving  rise  to  a  pattern  which 
gradually  assumes  the  convolutional  pattern  of  the  adult  brain  (Figs. 
50-53). 

The  fissure  of  Sylvius  appears  between  the  third  and  fourth  month, 
as  do  also  the  calcarine  and  patrieto-occipital  fissures  on  the  inner 
surface  of  the  brain.  Between  the  sixth  and  seventh  month  the  other 
lobes  and  fissures  are  formed,  such  as  the  fissure  of  Rolando ,  the 
occipito- ie >n poral  fissure ,  etc.  In  the.  eighth  or  ninth  month  the  typical 


Fig.  49. — Brain  of  a  4  months’ 
Foetus  (from  Bolton’s  “  The 
Brain  in  Health  and  Dis¬ 
ease.”  Edward  Arnold). 


Fig.  50. — Left  Hemisphere  of  the 
Brain  of  a  6-7  months’  Foetus 
(from  Bolton’s  “  The  Brain  in 
Health  and  Disease.”  Edward 
Arnold). 


Fig.  51. — Brain  of  a  7-8  months’ 
Foetus  (from  Bolton,  op.  cit.). 


position  and  direction  of  the  fissures  are  already  evident,  although 
they  are  still  characterised  by  the  simplicity  of  their  structure,  viz., 
the  individual  parts  of  the  fissures  are  not  connected  with  one 
another,  and  the  furrows  between  the  various  folds  or  convolutions 
are  still  absent.  At  birth  the  convolutions  are  more  developed,  and 
we  have  the  brain  pattern  characteristic  of  the  individual  (Fig.  53). 
According  to  Mott,  “  the  convolutional  patterns  formed  by  the  folds 
and  fissures  (as  with  physiognomy)  may  bear  a  resemblance  to  other 
individuals,  but  will  exhibit  features  which  differ  from  other  individuals. 
No  two  patterns  are  identically  similar,  any  more  than  faces  are 
identical;  but  just  as  the  faces  of  relatives  are  likely  to  be  similar, 
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Fig.  52a.— Right  Hemisphere  of  a  Foetus  8^  months  (Bolton,  op.  cit. 

Edward  Arnold). 


Fig.  52 b. — Tracing  of  (a)  to  show  the  Fissural  System  of  the 
Frontalis  Medius  (Bolton,  op.  cit.  Edward  Arnold). 

S.  Rol.  Fissure  of  Rolando. 

S.  F  S.  Superior  Frontal  Sulcus. 

S.  F.  I.  Inf.  Frontal  Sulcus. 

M.F.M.S.  Median  Fronto-Marginal  Sulcus. 
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so  Karplus  showed  that  the  pattern  of  the  brains  of  infants  who  were 
related  exhibited  similarities.”1 

The  Histology  of  the  Foetal  Cerebral  Cortex. 

We  have  seen  that  the  foetal  brain  is  entirely  composed  of  grey 
matter,  as  contrasted  with  the  adult  brain,  whose  cortex  is  grey  and 
subjacent  part  white.  The  absence  of  white  matter  in  the  foetus 
is  due  to  the  fact  that  the  myelin  or  phosphoretted  fat  sheath  which 
surrounds  the  nervous  processes  coming  from  the  cells  in  the  grey 
matter,  and  which  gives  the  white  appearance  in  the  subcortical 
layer  of  the  adult  brain,  is  practically  absent  in  the  foetus  and  new¬ 
born  infant.  This  can  be  shown  by  appropriate  staining  with 
hsematoxylin  (Weigert-Pal),  which  stains  the  myelin  sheath  bluish- 
black.  In  the  eight  months’  foetus  practically  the  only  tracts  of 


Fig.  53. — Brain  of  new-born  Child  (from 
Bolton’s  “The  Brain  in  Health  and 
Disease.”  Edward  Arnold). 


fibres  which  are  medullated  are  those  concerned  with  general  sensi¬ 
bility,  i.e.,  tactile  and  muscular,  articular  and  visceral  sense.  At 
birth,  in  addition  to  these,  the  fibres  belonging  to  the  olfactory  and 
visual  systems,  as  well  as  the  thalamus  and  certain  segments  of  the 
corona  radiata,  are  also  myelinated,  whereas  the  remainder  of  the 
cerebral  hemispheres,  e.g.,  the  frontal,  temporal,  and  occipital  lobes, 
as  well  as  the  commisural  (i.e.,  those  connecting  the  two  hemispheres) 
and  projection  fibres  (i.e.,  those  which  connect  the  cerebral  cortex 
with  the  lower  parts  of  the  central  nervous  system)  are  not  myelin¬ 
ated  till  after  birth  (Figs.  54  and  55). 

Now  it  is  practically  certain  that,  as  Flechsner  has  shown,  nerve 
fibres  cannot  carry  stimuli  (afferent  or  efferent)  until  they  acquire 

1  F.  W.  Mott,  “Nature  and  Nurture  in  Mental  Development,”  London,  1914, 
p.  14;  also  F.  Sano,  “The  Convolutional  Pattern  of  the  Brains  of  Identical 
Twins,”  Philos.  Trans.,  1916,  B.  208,  pp.  37-61. 
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their  white  myelin  sheaths,  and  vice  versa.  That  this  is  so  is  seen 
from  the  following  (among  other  observations) : — 
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Fig.  54. — Diagram  of  Vertical  Section  through  the  Brain  of  a 
new-born  Child,  stained  by  the  Weigert  hsematoxylin 
method  to  show  Myelination  of  the  Fibres  (Mott,  “  Nature 
and  Nurture  in  Mental  Development.”  John  Murray). 
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Fig.  55. — Vertical  Section  of  the  Brain  of  a  Child  five  months  old. 

All  the  parts  which  are  dark  contain  myelinated  fibres.  The 
tactile-motor  area  about  the  central  fissure,  C.F.,  is  stained.  M.O., 
medulla  oblongata  ;  P.  V.,  pons  varolii ;  O.M.N.,  oculo-motor  nerve  ; 

O.C.,  optic  commissure  (Mott,  op.  cit.  John  Murray). 

1.  In  the  case  of  premature  (seven  or  eight  months’)  children 
that  have  lived  for  one  or  two  months,  the  anatomical  character  of 
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the  nerve  fibres  is  more  marked  than  in  the  case  of  full-term  still¬ 
born  foetuses,  e.g.,  the  optic  nerve  of  a  child  born  at  eight  months 
shows,  a  month  later,  a  much  greater  proportion  of  myelin  than  that 
of  a  child  born  at  full  term. 


(1)  Molecular  or  outer  fibre 
lamina,  0'34  mm. 


(2)  Pyramidal  or  outer  cell 
lamina,  0'90  mm. 


(3)  Granular  layer  or  middle 
cell  lamina,  0'22  mm. 


(4)  Inner  fibre  lamina,  0'22 
mm. 


(5)  Polymorphic  or  inner  cell 
lamina,  0'31  mm. 


Fig.  56. — Different  Layers  in  Cortex  at  the  Motor  Leg  Area 
(Starling’s  “Physiology.”  J.  and  A.  Churchill). 


2.  If  in  animals  which  are  blind  at  birth  (cats,  dogs,  etc.)  one 
eye  be  closed  by  sewing  together  the  eyelids,  the  appearance  of 
myelin  in  the  corresponding  optic  nerve  is  delayed.1 

Hence  the  order  in  which  medullation  occurs  in  the  foetal 
nervous  system  affords  an  indication  of  the  order  in  which  the 

1  Held,  “  Entvvickelung  des  Nervengewebes  bei  den  Wirbelthieren,”  1909, 
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various  activities  of  the  foetus  develop,  and  we  therefore  conclude 
that  the  foetus  has,  during  the  last  three  months,  been  receiving 
sensory  impressions  from  the  skin,  joints,  muscles,  and  viscera.  (See 
next  Chapter.) 

Structure  of  Cerebral  Cortex. 

In  the  adult  one  can  distinguish  the  following  five  microscopic 
layers  (Fig.  56) : — 

1.  Outer  fibre  lamina  or  molecular  layer. 

2.  Outer  cell  lamina  or  pyramidal  layer. 

3.  Middle  cell  lamina  or  granular  layer. 

4.  Inner  fibre  lamina. 

5.  Inner  cell  lamina,  or  polymorphic  cell  layer. 

Microscopic  examination  of  the  cortex  in  foetuses  of  different 
stages  of  development  gives  the  following  results  1  : — 

(a)  The  first  layer  to  appear  is  the  inner  cell  lamina,  and  at  six 
months  (foetal  life)  it  has  reached  to  about  three-quarters  of  the 
adult  depth. 

(fr)  The  middle  cell  lamina  appears  next,  and  at  the  sixth  month 
it  attains  only  one-half  of  the  adult  depth. 

(c)  The  outer  fibre  lamina,  as  well  as  the  inner  fibre  lamina,  is 
well  developed  at  birth,  the  latter  reaching  its  adult  depth. 

(d)  The  outer  cell  lamina  is  not  yet  developed  at  birth. 

Functions  of  the  Various  Cell  Layers. 

Comparison  of  the  relative  proportion  of  these  layers  in  man  and 
lower  animals,  as  well  as  comparison  of  different  regions  of  the 
human  adult  brain,  and  observations  of  the  functional  differences  in 
persons  suffering  from  dementia  or  amentia,  have  given  the  follow¬ 
ing  results  : — - 

(a)  In  lower  mammals,  like  the  mole,  the  inner  cell  lamina  is 
the  first  to  develop,  and  it  constitutes  the  greater  part  of  the  depth 
of  the  cortex.  The  middle  cell  laminas  appear  next,  whilst  the 
outer  cell  lamina  is  the  last  to  appear,  and  is  very  feebly  developed 
in  all  animals  below  man. 

(b)  In  man  the  middle  cell  lamina  and  the  inner  cell  lamina  are 
the  only  ones  which  are  present  in  the  least  developed  portion,  viz., 
the  grey  matter  of  the  hippocampus.  The  presence  of  certain  large 
pyramidal  cells,  known  as  Betz  cells,  in  the  inner  fibre  lamina,  and 
the  absence  or  slight  development  of  the  middle  cell  lamina,  are  the 
characteristic  features  of  the  ascending  frontal  convolution.  Increase 

1  See  J.  S.  Bolton’s  article  in  Hill’s  “Further  Advances  in  Physiology,” 
London. 
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in  depth  of  the  middle  cell  lamina  characterises  the  visuo  sensory 
area,  which  is  situated  in  the  occipital  lobe. 

The  association  areas  contain  the  outer  cell  lamina  well  developed, 


c 

oj 


m 
<v 
o 
C 
oj 
> 
rO 


e 

.2 

3 


<d 

oj  4-j 

oj  ~ 
O  '* 

in 

O  IZJ 

oS 

a  q 


in  o 
3  C/2 


c  1—1 

<D  U* 
s-h  oj 


£ 

^3 


< 


<D  . 

6  Ji 
2 

o  £ 

m  oj 
m  _£ 

cu  ^ 

a  ^ 

^  c 

cj  •" 

4-»  C 
0)  03 

•  I— h  +-» 

-*->  £ 

^  oj  rr 
«  g2 
^  a° 
CD  O  G 

- 

b/3  OJ  rQ 

.  5  ^  ^ 

6  c  * 
jh  «j  T3 

“  &w 

g  OJ 

Oj  1/5  JC 

rf» 

oj  °  b/) 

91.1 

I  •  r-H  iTl 

•  rTD 

£r  ^  -a 
oj  P-i 

d 

HH 

Pi 


and  in  the  highest  association  area,  which  lies  in  the  pre-frontal 
region,  this  outer  cell  lamina  not  only  undergoes  the  greatest  develop¬ 
ment,  but  its  depth  varies  with  the  mental  development  of  the 
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individual.  In  idiots  and  imbeciles  it  is  imperfectly  developed,  and 
in  cases  of  dementia  its  cells  are  atrophied. 

From  these  facts,  Bolton  draws  the  following  conclusions  regard¬ 
ing  the  functions  of  the  different  layers  (Fig.  57)  : — 

(a)  The  polymorphic  layer  he  believes  to  be  subservient  to  the 
instinctive  activities  concerned  with  obtaining  food  and  shelter,  with 
seeking  protection  from  danger  and  with  functions  connected 
with  sex. 

(b)  The  middle  cell  lamina  is  concerned  with  the  reception  and 
transformation  of  afferent  impulses. 

(c)  The  outer  cell  lamina  is  psychic  or  associational,  and  is 
concerned  with  inhibitory  processes. 

Hence  the  order  in  which  these  layers  appear  in  the  foetus,  like 
the  chronological  order  of  appearance  of  the  myelin  sheaths,  affords 
valuable  information  regarding  the  physiological  activities  of  the 
foetus. 

The  Shape,  Number,  and  Structure  of  Cortical  Cells. 

In  a  five  to  six  months’  foetus  the  nerve  cells,  when  stained  by 
Golgi’s  method,  are  seen  to  possess  an  oval  appearance — as  contrasted 
with  the  pyramidal  shape  of  later  post-natal  life.  The  foetal 
neuroglia  cells  are  characterised  by  their  large  periphery  as  well  as 
by  the  smaller  number  of  varicose  processes.  As  the  foetus,  or  infant, 
grows,  the  cell  bodies  gradually  become  smaller,  and  their  processes 
become  more  numerous  and  lose  their  varicosities,  so  that  at  the  age 
of  two  years  the  neuroglia  cells  do  not  differ  in  appearance  from 
those  of  the  adult.1 

According  to  Donaldson,2  the  number  of  cerebral  cells  is  complete 
at  birth  (viz.,  3,000,000,000),  so  that  although  after  birth  a  large 
number  of  cells  gradually  pass  from  the  undeveloped  stage  to  full 
functionating  maturity  through  the  development  of  association  fibres, 
etc.,  no  new  cells  are  formed  in  post-natal  life.  These  individual  cells 
increase  in  mass  after  birth  to  between  zero  and  50,000-fold.  The 
cells  form  but  a  very  small  part  of  the  total  brain,  so  that  they  can 
increase  many  fold  without  greatly  affecting  the  total  cerebral  size 
or  weight.  Many  of  the  cortical  cells  never  develop  at  all,  so  that 
it  is  probably  true  that  “  no  human  brain  has  ever  developed  all  its 
possibilities.” 

t  ~  As  regards  the  structure  of  the  cells,  pigment  cells  are  wanting 
at  birth.  Thus  the  dark  brown  pigment  of  the  locus  coeruleus,  as 
well  as  of  the  substantia  nigra  and  of  the  nucleus  of  the  vagus,  are 

1  Gundobin,  op.  cit . ,  p.  473. 

2  “Growth  of  the  Brain,”  London,  1895. 
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absent  at  birth  and  for  varying  periods  after  birth  Owing  to  the 
imperfect  development  of  chromatophil  elements,  the  protoplasm,  as 
well  as  the  nucleus  (when  present),  of  most  of  the  cells  stain  diffusely. 

The  Chemistry  of  the  Fcetal  Brain.1 

Fat. —  Whilst  in  the  adult  brain  the  white  subcortical  layer 
contains  more  fat  than  the  cortical  layer,  there  is  no  such  difference 
in  the  brain  of  the  foetus,  since,  as  we  have  seen,  the  fatty  myelin  is 
still  absent  in  the  subcortical  layer. 

Proteins.  — -  The  amount  of  these  substances  increases  with 
increasing  age. 

Lecithin  is  present  at  birth  in  considerable  amount,  and  increases 
with  age. 

Neuro-keratin  is  absent  in  human  fcetal  brain. 

Water. — The  amount  of  water  decreases  with  age. 

Calcium.  —  The  foetal  brain  is  comparatively  rich  in  calcium 
(Off  68  per  cent.).  At  birth  the  amount  is  less  (0*107  per  cent.),  and 
gradually  diminishes  with  age.  This  diminution  of  calcium  increases 
the  excitability  of  the  brain.  This  idea  is  to  a  certain  extent  con¬ 
firmed  by  the  fact  that  in  the  brains  of  infants  dead  of  tetany  the 
amount  of  calcium  is  diminished.  (See  further,  p.  569.) 

The  Excitability  of  the  Cerebral  Cortex. 

The  first  investigations  regarding  the  excitability  of  the  cortex  in 
new-born  animals  were  carried  out  by  Soltmann  2  on  dogs  and  cats. 
His  results  are  as  follows  : — 

1.  Electrical  stimulation  of  the  cortical  motor  centres  does  not 
cause  movements  of  the  limbs  and  face.  These  only  occur  after 
the  tenth  day  in  the  following  order,  viz.,  fore-limbs,  hind-limbs,  face. 

2.  At  first  each  of  the  various  motor  centres  is  spread  out  over 
a  large  surface,  but  as  the  centres  increase  in  number,  they  become 
more  circumscribed,  and  occupy  the  positions  corresponding  to  those 
in  the  adult  animal. 

3.  Extirpation  of  the  motor  region  of  the  cortex  of  one  side  in 
pups  under  ten  days  old  does  not  result  in  disturbance  of  movement 
on  the  opposite  side  of  the  body,  in  consequence  of  the  vicarious 
activity  of  the  opposite  cortex.  Indeed,  it  is  possible  to  remove  the 
cortex  of  both  frontal  lobes  without  causing  motor  disturbances. 
Soltmann  also  found  that  electrical  excitation  of  the  anterior  lobes 
of  the  hemispheres  failed  to  inhibit  the  reflexes  in  a  new-born  pup. 

These  experiments  have  been  repeated  by  other  workers,  and  in 

1  See  Gundobin,  op.  cit . ,  p.  477. 

-  Jahrb.  Kinderheilk ,  1876  and  1877  ;  and  Centralbl.  Med.  Wissensch. ,  1875. 
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the  main  confirmed  by  most  of  them.  Tarchanoff’s 1  researches 
have  elicited  the  interesting  fact  that,  in  animals  which  are  blind  at 
birth  (■ e.g .,  rabbits),  the  cortex  is  unexcitable  during  the  first  thirteen 
days,  but  in  animals  like  guinea-pigs  which  are  maturely  developed 
at  birth,  Faradic  stimulation  of  the  cortex  evokes  a  contraction  of 
the  extremities. 

Bary,2  working  in  BechterefFs  laboratory,  came  to  the  following 
conclusions,  as  the  result  of  numerous  experiments  : — 

1.  In  the  majority  of  pups  and  kittens,  under  ten  days  old, 
experimented  with,  it  is  possible  to  evoke  movements  of  the  limbs 
on  stimulating  the  cortex  with  weak  electrical  currents. 

2.  The  resulting  contractions  are  not  isolated,  but  spread  over 
the  whole  extremity. 

3.  The  latent  period  is  very  long ;  the  contraction  is  slow,  and  it 
is  impossible  to  produce  clonic  contractions. 

4.  It  is  impossible  to  produce  an  epileptiform  convulsion. 

5.  It  is  easy  to  produce  distinct  exhaustion  of  the  centres, 
showing  that  they  are  as  yet  feebly  developed.  With  the  growth  of 
the  animal  the  centres  gradually  become  more  perfectly  developed. 
The  centres  which  develop  first  are  those  which  regulate  the 
movements  most  urgently  required  by  the  animal  (such  as  defensive 
movements  of  the  limbs).  The  centres  for  the  movements  of  the 
trunk,  tail,  and  eyes  become  developed  last  of  all.  At  two  months 
the  curve  of  contraction  assumes  the  characters  of  the  adult  curve, 
and  it  is  then  possible  to  induce  an  epileptiform  convulsion  by  con¬ 
tinuous  stimulation  with  the  Faradic  current. 

As  a  comparison  of  the  medullary  striation  in  the  animals  and  in 
human  infants  shows  that  the  latter  require  from  twelve  to  eighteen 
months  to  attain  the  stage  of  development  of  an  animal  from  ten  to 
twelve  days  old  (in  which  stimulation  of  the  cortex  already  produces 
movements  on  the  opposite  side  of  the  body),  Soltmann  concludes 
that  the  cortical  centres  are  unexcitable  in  an  infant  at  birth,  and  that 
their  inhibiting  functions  are  not  developed  before  the  infant  reaches 
the  age  of  one  year.  Westphal 3  records  a  case  of  a  human  foetus 
born  with  its  brain  exposed,  in  which  he  stimulated  the  cortex 
electrically  without  producing  muscular  response. 

Functions  of  the  Foetal  Cerebrum. 

From  what  has  already  been  said,  it  will  be  understood  that  the 
functions  of  the  foetal  cerebral  hemispheres  are  very  limited.  Indeed, 

1  Rev.  Mens.  Med.  et  China-.,  1878. 

2  Inaug.  Dissert.,  St  Petersburg,  1898. 

3  Quoted  by  Gundobin,  op.  cit.,  p.  477. 
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the  fact  that  foetal  movements  occur  in  anencephalic  foetuses  shows 
that  these  movements  are  not  of  cerebral  origin,  but  are  probably 
reflex  or  impulsive  in  character. 

The  Cerebellum. 

Very  little  is  known  about  the  physiology  of  the  cerebellum  in 
foetal  life.  The  statement  usually  made  that  the  foetal  cerebellum  is 
covered  to  a  less  extent  by  the  cerebrum  than  in  the  adult,  is  not 
borne  out  by  Ballantyne’s  observations.  In  microcephalic  idiots 
this  is  the  case. 

The  Medulla. 

This  is  necessary  for  post-natal  activity  of  the  respiratory 
muscles.  The  case  has  been  recorded  of  a  monstrous  foetus 
that  breathed  for  two  days  after  birth,  in  spite  of  its  having  no 
cerebrum  or  cerebellum.  It  had,  however,  a  medulla  and  pons. 
In  other  monstrous  births,  in  which  the  medulla  was  also  absent,  the 
foetus,  though  born  alive  and  its  heart  remained  beating  for  some 
time,  never  breathed.  In  post-natal  life  the  medulla  is  also 
concerned  with  the  carrying  out  of  the  reflexes  involved  in  the 
secretion  of  saliva  and  of  gastric  and  pancreatic  juices ;  in  the 
movements  of  the  oesophagus,  stomach,  and  intestines,  including 
those  involved  in  vomiting  ;  and  with  the  regulation  of  the  heart  and 
blood  vessels. 

The  Spinal  Cord. 

Length. —  According  to  Luschka,  the  cord  terminates  at  the 
earliest  period  of  intra-uterine  life  at  the  end  of  the  vertebral  column. 
In  a  ten  weeks’  foetus  it  reaches  only  as  far  as  the  lower  border  of 
the  fifth  lumbar  vertebra.  In  a  six  months’  foetus  it  terminates  at 
the  level  of  the  upper  border  of  the  third  lumbar  vertebra.  At 
birth  it  does  not  reach  lower  than  the  lower  level  of  the  second 
lumbar,  while  in  the  adult  its  termination  corresponds  with  the  level 
of  the  body  of  the  second  lumbar  vertebra. 

Weight. — In  the  foetus  the  spinal  cord  grows  more  slowly  than 
the  brain.  The  rate  of  growth  is  reversed  after  birth.  At  birth  the 
relation  between  the  weights  of  the  spinal  cord  and  brain  are  about 
1:115  (1  :  117T4  in  boys  and  1  :  113*11  in  girls),  whilst  in  the 
adult  the  relation  is  about  1  :  50  (1  :  5T13  in  man  and  1  :  49-80 
in  woman). 

Structure. — A  consideration  of  the  structure  of  the  spinal  cord 
must  include  a  description  of  (a)  the  nerve  cells  in  the  grey  matter, 
and  ( h )  the  white  matter. 


222  PRINCIPLES  OF  CHILD  PHYSIOLOGY 


(a)  The  Nerve  Cells  in  the  Grey  Matter. 

Sliotoff1  finds  that  in  fetuses  of  six  to  seven  months  there  are 
found,  in  addition  to  the  large  polygonal  multipolar  cells  of  the 
anterior  horn,  a  considerable  number  of  undeveloped  cells  of  various 
shapes.  The  deposition  of  chromophil  substance  takes  place  during 
the  third  month  of  foetal  life ;  it  occurs  first  at  the  periphery  of  the 
cell,  and  gradually  spreads  inwards  towards  the  nucleus.  The 
nucleus  is  eccentric  instead  of  being  central  as  in  the  ripe  cell.  The 
cells  also  contain  vacuoles.  At  birth  the  cells  reach  their  full 
development  as  regards  size,  shape,  position  of  nucleus,  and  formation 
of  Nissl’s  granules.  The  cells  of  Clarke’s  column  differ  from  the 
others  in  size  and  shape,  as  they  do  also  in  the  adult.  They  are 
oval  or  round,  and  contain  a  large  nucleus,  surrounded  by  a  thin  ring 
of  protoplasm. 

The  cells  of  the  posterior  horn  differ  from  those  in  the  anterior 
horn  in  their  smaller  size,  and  in  the  variety  of  their  shapes. 

Lastly,  Flechsig’s  dictum  holds  good,  that  it  is  impossible  to 
establish  a  definite  correlation  between  the  age  of  a  fetus  and  the 
stage  of  development  of  its  central  nervous  system. 

(b)  The  White  Matter. 

The  fibres  of  the  white  matter  conduct  impulses  in  two  directions, 
ascending  towards  the  brain,  and  descending  from  the  brain.  The 
ascending  fibres  carry  sensory  impulses  from  the  periphery  to  the 
brain,  and  the  descending  fibres  convey  motor  impulses  in  the 
opposite  direction.  In  addition,  the  white  matter  of  the  spinal 
cord  also  contains  fibres  which  are  concerned  with  the  transmission 
of  reflex  acts. 

The  Myelination  of  the  Fibres  (Figs.  58  and  59). 

Flechsig,  Kolliker,  Bechtereff,  Karusin,  and  others  have  occupied 
themselves  with  a  study  of  the  periods  at  which  the  various  tracts  of 
the  spinal  cord  assume  their  myelin  sheaths.  According  to  Flechsig, 
myelin  fibres  first  appear  in  the  direct  cerebellar  tract  (i.e.,  an 
ascending  tract  carrying  fibres  which  are  the  axons  of  cells  in  Clarke’s 
column  to  the  cerebellum  of  the  same  side)  at  the  beginning  of  the 
seventh  foetal  month,  whilst,  according  to  Karusin,  this  tract  becomes 
medullated  as  early  as  the  beginning  of  the  fifth  or  even  the  end 
of  the  fourth  fetal  month.  Bechtereff  gives  the  period  as  the 
beginning  of  the  sixth  month. 

The  important  point,  however,  which  emerges  from  the  researches 
of  the  various  authorities  is  that  at  birth,  and  even  during  the  ninth 

1  Inaug.  Dissert.,  St  Petersburg,  1902. 
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Fig.  58. — Transverse  Section  through  the  Medulla  of  a 
Foetus,  immediately  above  the  pyramidal  decussa¬ 
tion,  stained  by  Weigert-Pal  method  (Starling, 
after  Cunningham.  J.  and  A.  Churchill). 


month,  all  the  tracts  of  the  spinal  cord,  with  the  exception  of  the 
pyramidal  tracts,  are  fully  developed  and  medullated.  The  latter  do 
not  assume  their  myelin  coats  until  the  second  or  third  month  of 


post-natal  life.  This  is  due  to  the 
fact  that  the  development  of  the 
pyramidal  tract  depends  upon  the 
development  of  the  motor  functions 
of  the  cerebral  cortex.  The  de¬ 
velopment  of  the  pyramidal  tract 
has,  however,  no  relation  to  the 
development  of  the  cells  in  the 
anterior  horns,  which,  as  we  have 
seen,  are  fully  developed  at  birth. 

SliotofFs  investigations  have 
confirmed  the  fact  that,  in  infants 
who  have  suffered  for  some  time 
from  gastro-intestinal  disturbances, 
the  pyramidal  tracts  become  mye¬ 
linated  later,  and  that  the  earlier 
the  age  at  which  these  disturbances 
have  set  in  the  later  the  time  at 
which  the  myelination  appears. 
(See  p.  570,  under  Babinski’s  sign). 

According  to  certain  French 
authors,  certain  cases  of  congenital 


Fig.  59. — Section  thiough  the  Cervi¬ 
cal  Spinal  Cord  of  a  new-born  Child, 
stained  by  Weigert’s  method,  to 
show  absence  of  medullation  in 
pyramidal  tract. 

ca,  anterior  commissure ;  Fp,  crossed 
pyramidal  tract ;  Fc,  direct  cerebellar  tract ; 
Z-yp" ,  posterior  root  zone ;  rp\  posterior  root 
fibres  (Starling,  after  Bechtereff.  J.  and  A. 
Churchill). 
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spastic  paraplegia  are  due  to  errors  of  development  of  the  pyramidal 
tract.  This  view  has  been  confirmed  by  Gundobin,  who  failed  to 
notice  any  cerebral  changes  in  three  such  clinical  cases  which  he  had 
under  observation  ever  since  the  first  month  of  life. 

The  Functions  of  the  Spinal  Cord. 

In  the  adult  the  spinal  cord  has  a  two-fold  function,  viz.  :  (1)  It 
acts  as  a  series  of  centres  for  reflex  actions,  and  (2)  it  conducts 
impulses  between  the  brain  and  periphery  in  centripetal  and 
centrifugal  directions. 

The  reflex  part  of  the  cord  is  situated  in  the  grey  matter,  and  the 
conducting  paths  are  in  the  white  matter.  The  reflexes  are  co¬ 
ordinated  by  inhibitory  impulses  passing  down  from  the  brain  along 
the  descending  tracts. 

Soltmann  found  that  the  inhibitory  influence  of  the  brain  on  the 
spinal  reflexes  is  absent  in  new-born  pups  (see  p.  219  above).  A 
reflex  act  which  is  in  progress  may  also  be  inhibited  in  an  adult  by 
the  advent  of  another  and  stronger  stimulus  to  the  central  nervous 
system,  but  in  the  new-born  animal  such  peripheral  inhibitory 
influences  are  also  ineffective.  Thus,  in  adult  animals  in  which  the 
spinal  cord  was  divided  below  the  medulla  so  as  to  remove  the 
inhibitory  effects  of  the  brain,  the  pinching  of  certain  organs  like  the 
kidney  or  uterus  will  inhibit  a  reflex  act,  whilst  in  a  new-born  animal 
with  similar  transection  of  the  cord,  similar  strong  peripheral  stimuli 
will  fail  to  exercise  such  an  inhibitory  influence. 

Soltmann’s  results  must  not,  however,  be  taken  as  generally  true 
for  all  new-born  animals.  Thus,  Preyer  has  shown  that  in  foetal 
(mature  and  premature)  guinea-pigs,  a  short,  loud  sound  will  evoke 
movement  of  the  ears,  but  that  such  movements  are  inhibited  when 
the  nape  of  the  animal’s  neck  is  pinched  with  forceps. 

Similarly  the  pupillary  reflex  contraction  to  strong  light  is  not  so 
marked  if  the  skin  of  the  foetal  guinea-pig  is  pinched  hard  at  the 
same  time.  This  inhibitory  effect  is,  even  in  these  animals,  not  so 
complete  as  it  is  in  the  adult  animal  of  the  same  type.  Tarchanoffs 
experiments  with  foetal  guinea-pigs  gave  the  same  results  as  those 
found  by  Preyer.  But,  though  they  seem  to  differ  from  those 
obtained  by  Soltmann,  they  do  not  really  contradict  his  findings. 
What  we  learn  from  the  results  of  all  these  observations  is  that  those 
animals  like  the  dog,  cat,  rabbit,  etc.,  which  are  born  in  a  less  mature 
condition,  have  not  yet  got  the  inhibitory  apparatus  as  developed  at 
birth,  as  those  like  the  guinea-pig,  which  are  born  in  a  greater  state  of 
maturity.  We  may,  therefore,  infer  that  in  the  human  foetus  which, 
like  the  dog,  etc.,  is  born  in  a  low  state  of  maturity,  the  inhibitory 
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apparatus  is  still  absent.  This  would,  to  a  certain  extent,  explain 
the  great  susceptibility  of  infants  to  convulsions  in  the  early  part  of 
post-natal  life.  (But  see  p.  229.) 

Table  showing  the  Growth  of  the  Brain  and  Spinal  Cord 
during  Intr a- Uterine  Life } 


Age 

in  Foetal 
Months. 

Length  of 
Body  in 
Cm. 

Weight  of 
Body  in  Gm. 

Length  of 
Spinal  Cord 
in  Cm. 

Weight  of 
Spinal  Cord 
in  Gm. 

Weight  of 
Brain  in  Gm. 

4 

16 

138 

5-5 

0-75 

19 

5 

20 

188 

6-5 

1-5 

26 

6 

28-34 

422-1,045 

10-12-5 

2-3-5 

53-5-13T0 

7 

38 

920 

14 

3-75 

108 

8 

39-43 

891-2,624 

15-15-5 

375-5-5 

111-275 

9 

45-46 

2,169-2,334 

18-19 

5-75-6 

2,655-327 

Birth 

50-57 

2,666-3,462 

19-21 

9-5-10 

375-527 

Reflex  Excitability  at  Birth. 

A  normal  reflex  act  depends  on  two  factors,  viz.  : — 

1.  The  integrity  of  the  reflex  arc. 

2.  The  presence  of  inhibitory  influences  from  the  brain. 

We  should  therefore  expect  theoretically  that  those  reflexes 
which  have  their  centre  in  the  spinal  cord  should  be  exaggerated, 
whilst  those  like  the  mandibular,  nasal,  and  pupillary  reflexes,  whose 
centres  lie  in  the  brain,  should  be  either  absent  or  only  feebly 
developed  at  birth.  This  has  been  found  to  be  the  case.  Further, 
the  Babinsky  phenomenon  whose  centre  is  in  the  spinal  cord,  but 
which  depends  for  its  presence  on  disease  or  feeble  development 
of  the  pyramidal  tract,  should  theoretically  be  present  at  birth,  and 
especially  in  premature  infants.  This  again  has  been  found  to  be 
the  case.2 

The  Various  Deep  and  Superficial  Reflexes  at  Birth. 

These  have  been  studied  comprehensively  by  Furmann.3 

(a)  Tendon  Reflexes. 

The  faiu  Reflex. — Absent  at  birth. 

Patellar  Reflex  (knee-jerk). — Present  at  birth,  but  the  centre  for 

1  Giese,  Inaug.  Dissert.,  St  Petersburg,  1898. 

2  Engstler,  Wien.  Klin.  Woch sch r. ,  1905. 

3  Inaug.  Dissert.,  St  Petersburg,  1903. 

*15 
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the  reflex  is  quickly  exhausted,  so  that  after  repeated  trials  the 
reflex  disappears. 

The  Achilles  Reflex. — Out  of  100  new-born  infants,  the  reflex 
was  absent  in  34. 

Ankle  Clo?ius. — This  is  absent  in  healthy  new-born  children. 
Farago,  who  investigated  this  phenomenon  in  117  infants,  found  it 
present  only  three  times,  and  in  those  cases  there  was  a  history  of 
alcoholism  in  the  parents.  Furmann’s  observations  confirm  those 
of  Farago.  He  found  it  present  in  only  four  cases;  in  all  those 
cases  there  was  a  history  of  either  alcoholism  or  nervous  disease 
in  the  immediate  family.  Neveschin1  found  the  phenomenon  in 
41  per  cent,  of  cases,  but  his  material  was  obtained  from  a  foundling 
hospital,  and  consisted  entirely  of  illegitimate  infants,  of  whose 
history  very  little  was  known. 

The  Acromion  Reflex  is  absent  at  birth ;  the  same  is  the  case 
with  the  humero-scapular  and  interscapular  reflexes.  The  biceps  and 
triceps  reflexes  are  present  sometimes. 

(b)  Musculo-Cutaneous  Reflexes. 

Palmar  Reflex. — Present  at  birth,  and  disappears  in  later  life, 
when  the  inhibitory  influences  of  the  brain  begin  to  make  them¬ 
selves  felt.  (See  also  p.  205  above.) 

Cresmaster  Reflex  (retraction  of  testicle  on  tickling  the  pubic 
region). — This  phenomenon,  which  has  a  diagnostic  significance 
in  affections  of  the  spinal  cord,  and  is  absent  on  the  affected  side 
in  cases  of  hemiplegia,  was  believed  by  Cattaneo2  to  be  rare  in 
infants.  This,  however,  is  not  the  case.  Gundobin  found  it  present 
in  244  out  of  252  infants  under  one  month  old. 

Anal  Reflex  (contraction  of  the  sphincter  as  well  as  the  gluteal 
muscles,  on  stimulation  of  the  nates). — The  centre  for  this  reflex 
lies  at  a  low  level  of  the  spinal  cord.  This  reflex  was  found  by 
Furmann  to  be  present  at  birth,  except  that  the  gluteal  muscles  do 
not  contract. 

Abdominal  Reflexes. — These  are  variable  in  infants  under  one 
month  old. 

Localisation  of  Muscular  Reflex  Acts  in  the  Spinal  Cord. 

Reflex  Acts.  Localisation. 

Pupillary  reflex  through  the  sympathetic :  Dilata¬ 
tion  of  the  pupil  produced  by  irritation  of 
the  neck  -  Civ-Di 


1  Quoted  by  Gundobin,  op.  cit . ,  p.  502. 

2  Jahrb.  Kinderheilk ,  v. 
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Reflex  Acts. 


Localisation. 


Scapular  reflex:  Irritation  of  the  skin  over  the 
scapula  produces  contraction  of  the  scapular 
muscle  - 

Biceps  and  supinator  longus  reflex :  Tapping  their 
tendons  produces  flexion  of  forearm 
Triceps  reflex :  Tapping  tendon  produces  exten¬ 
sion  of  forearm  - 

Scapulo-humeral  reflex  :  Tapping  inner  lower 
edge  of  scapula  causes  adduction  of  arm 
Tapping  extensor  tendons  at  wrist  causes  exten¬ 
sion  of  the  hand  - 

Tapping  flexor  tendons  at  wrist  causes  flexion 
of  hand  ----- 
Palmar  reflex  ----- 
Abdominal  reflex:  Stroking  side  of  abdomen 
causes  retraction  - 

Genital  reflex :  Squeezing  testicle  causes  con¬ 
traction  of  abdominal  muscles 
K?iee-jerk  ----- 
Achilles  tendon  reflex  - 

Ankle  domes  ----- 
Plantar  reflex  ----- 
Babin  skid  reflex  - 

Mendel’s  reflex:  Tapping  tendons  of  toes  causes 
flexion  or  extension  of  toes  - 
Gordon’s  reflex :  Deep  pressure  on  muscles  of 
calf  of  leg  causes  extension  of  toes  - 
Oppenheinl s  reflex :  Stroking  outer  side  of  leg 
near  the  tibia  causes  retraction  of  toes  and 
contraction  of  tibialis  anticus 
Anal  reflex  ----- 


Cv-Di 
Cv  and  Cvi 
Cvi 
Cvii 

Cvi-Cviii 


Cvii-Cviii 

Cviii-Di 


Dix-Dxii 


Li-Liii 

Lii  and  Liii 

Si-Siii 

Si-Siii 

Si-Siii 

Si-Siii 


Si-Siii 


Si-Siii 

Si-Siii 
Siv  and  Sv 


The  Peripheral  Nerves. 

Microscopic  Characters. — Remak  was  the  first  to  emphasise  the 
fact  that  not  all  the  primary  nerve  fibrils  possess  a  myelin  coat  at 
birth,  also  that  no  new  fibrils  are  formed  after  birth,  but  that  the 
increase  in  thickness  of  a  nerve  with  increasing  age  is  due  to 
increase  in  the  diameter  of  each  individual  fibre.  Axel  Key  and 
Retzius  called  attention  to  the  considerable  amount  of  granular  proto¬ 
plasm  around  the  nuclei  of  the  sheath  of  Schwann  and  to  their  large 
size,  whilst  Knuth  referred  to  the  large  number  of  those  nuclei. 
Westphal  carried  out  a  comprehensive  investigation  on  the  structure 
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of  peripheral  nerves.  This  observer  showed  that  at  birth  the  peri¬ 
pheral  nerves  have  only  a  few  myelinated  fibres,  the  remainder 
possessing  no  medullary  coat.  The  axis  cylinders  stain  green  with 
osmic  acid  instead  of  light  yellow.  Endo-  and  perineurium  are 
strongly  developed,  and  are  distinguished  by  the  large  number  of 
nuclei. 

As  regards  the  cranial  nerves  Westphal  showed  that  the  motor 
nerves  possessed  a  myelin  sheath  at  birth,  whilst  the  nerves  of  the 
sensory  organs,  as  well  as  the  mixed  nerves,  are  still  imperfectly 
developed.  The  single  exception  is  the  auditory  nerve,  which,  even 
at  birth,  possesses  fully  developed  fibres.  The  optic  nerve  is  most 
imperfectly  developed,  and  the  mixed  nerves  are  intermediate  between 
the  pure  motor  and  pure  sensory  ones.  The  myelin  sheath  develops 
in  a  centrifugal  direction. 

Siemerling,  in  1887,  found  that  the  roots  of  the  cervical  and 
lumbar  enlargements  of  the  cord  were  already  myelinated  in  the 
foetus,  but  that  in  the  posterior  roots  some  fibres  possessed  a  myelin 
sheath,  and  others  were  unmedullated.  Sokoloff  showed  that  the 
third  and  sixth  pair  of  cranial  nerves  were  the  earliest,  and  the  second 
and  ninth  the  latest  to  acquire  their  myelin  coat,  the  last  containing 
unmedullated  fibres  even  at  birth.  According  to  Probst,  the  hypo¬ 
glossal  nerve  already  shows  some  myelinated  fibres  in  the  fourth 
foetal  month,  whilst  the  other  cranial  nerves  do  not  begin  to  develop 
their  myelin  coats  till  the  fifth  month.  Flechsig1  found  that  the 
only  nerve  which  has  a  myelin  coat  throughout  the  whole  of  its 
course  in  the  fourth  foetal  month  is  the  vestibular  nerve.  The  small 
occipital  is  also  developed  at  an  age  when  there  is  as  yet  no  trace  of 
sensory  fibres. 

A  detailed  investigation  of  the  subject  was  carried  out  by  Bakitko  2 
(under  the  direction  of  Gundobin).  He  comes  to  the  conclusion 
that  the  formation  of  myelin  begins  in  the  cerebral  and  spinal  nerves 
during  the  fifth  foetal  month  ;  that  it  occurs  first  in  the  motor,  then 
in  the  mixed,  and  lastly  in  the  sensory  nerves.  At  birth  the  roots 
of  the  motor  nerves  are  already  in  possession  of  a  sheath,  whilst 
those  of  the  mixed  and  sensory  nerves — with  the  single  exception  of 
the  auditory  nerve — still  have  unmedullated  axis  cylinders. 

The  Response  of  Motor  and  Sensory  Nerves  to  Stimulation. 

Soltmann 3  was  the  first  to  examine  the  electrical  excitability  of 
peripheral  nerves  of  new-born  puppies  and  rabbits,  and  he  found  it 

1  Deutsche  med.  Wochenschr . ,  1909. 

2  Inaug.  Dissert.,  St  Petersburg,  1902. 

3  Loc.  cit. 
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to  be  less  during  the  first  few  weeks  of  life  than  later,  and  that  whilst 
the  motor  nerves  attain  the  full  degree  of  their  excitability  at  six 
weeks,  the  sensory  nerves  do  not  reach  that  stage  till  the  twelfth 
week.  Applying  his  results  to  the  case  of  the  human  infant,  Soltmann 
came  to  the  conclusion  that  the  susceptibility  of  infants  to  convulsions 
is  due  to  the  imperfect  development  of  the  inhibitory  apparatus, 
when  a  comparatively  insignificant  irritation,  such  as  a  gastric  dis¬ 
turbance  or  tooth  eruption,  would  be  sufficient  to  evoke  a  general 
convulsive  seizure.  Soltmann’s  hypothesis  is,  however,  not  borne 
out  by  clinical  experience,  since  it  is  a  fact  that  even  the  most 
intense  stimuli,  such  as  burns,  scalds,  peritonitis,  etc.,  do  not  as  a 
rule  elicit  a  convulsion.  It  has  therefore  been  suggested  by 
Thiemich  that  convulsions  in  infants  are  not  due  to  a  physiological 
lack  of  an  inhibitory  mechanism,  but  to  a  pathological  hyperexcit¬ 
ability  of  the  peripheral  nerves,  a  condition  which  Finkelstein  has 
called  “spasmophile  diathesis.5’  (See  p.  569.) 

The  presence  of  increased  excitability  is  shown  by  the  fact  that 
muscular  contraction  will  result  in  slight  tapping  of  the  various 
motor  “points,”  e.g .,  Chvostek’s  sign,  which  consists  in  a  contraction 
of  the  facial  muscles  on  mechanical  stimulation  of  the  facial  “point.” 

Westphal  also  showed  that  sensory  nerves  in  new-born  infants  can 
easily  stand  currents  of  such  intensity  as  would  not  be  tolerated  by 
adults.  The  same  applies  to  the  skin,  but  in  this  case  the  tolerance 
is  probably  due  to  the  presence  of  lanugo  hairs,  since  whilst  the 
tolerance  of  the  sensory  nerves  disappears  after  three  weeks,  that  of 
the  skin  continues  for  six  weeks.  (See  further,  Chap.  XXXV.) 

The  Peculiarities  of  the  Foetal  Sympathetic  and  Spinal  Ganglia. 

Withe1  summarises  the  work  of  Fraentzel  and  Liubimoff  on  the 
subject.  Gundobin’s  researches  have  shown  that  nerve  cells  in  the 
ganglia  are  more  closely  packed  and  are  of  smaller  size ;  they  are 
often  multinucleated,  so  that  two  or  three  nuclei  are  frequently  found 
in  one  cell.  In  six  to  eight  months’  foetuses  such  polynuclear  cells 
are  found  in  considerable  numbers.  In  the  adult  one  hardly  ever 
comes  across  a  cell  containing  more  than  one  nucleus.  Many  cells 
contain  no  capsule.  According  to  Vas  and  Pilcz,2  foetal  ganglion 
cells  contain  no  chromatin  or  other  pigment.  Gundobin,  however, 
found  a  slight  chromatin  formation  in  the  cells  of  a  seven  months’ 
foetus.  Nissl’s  granules  can  be  seen  at  birth. 

The  spinal  ganglia  in  a  six  months’  foetus  are  30  /x  in  size.  The 
cells  are  round  in  shape,  although  occasionally  one  meets  with  oval 

1  Journ.  of  Physiol,,  vols.  viii.-x. 

2  Quoted  by  Gundobin. 
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and  pear-shaped  cells.  The  nucleus  is  vacuolated.  It  follows,  there¬ 
fore,  that  the  foetal  sympathetic  system  is  as  yet  feebly  developed. 

Foetal  Heat. 

(a)  Heat  Production. — Felix  von  Baerensprung,  in  1851,  was  the 
first  to  demonstrate,  by  careful  thermometric  measurements,  the  pre¬ 
natal  production  of  heat  in  all  animals,  including  man.  In  the  case 
of  mammalian  foetuses,  he  studied  the  matter  by  inserting  thermo¬ 
meters  into  the  peritoneal,  pelvic,  and  uterine  cavities  of  the  mother 
animal,  as  well  as  into  the  peritoneal  cavity  of  the  foetus  inside  the 
uterus.  His  results  in  the  case  of  the  rabbit  may  be  tabulated  as 
follows  : — 


State  of  Animal. 

Peritoneal 

Cavity. 

Pelvic 

Cavity. 

Uterine 

Cavity. 

Foetus 

(Peritoneal 

Cavity). 

Non-pregnant 

Pregnant 

38- 50° 

39- 25° 

38- 37° 

39- 37° 

38- 37° 

39- 69° 

39-69° 

From  this  we  see  that  in  non-pregnant  animals  the  intra-uterine 
temperature  is  lower  than  the  intra-peritoneal,  whilst  in  the  pregnant 
animal  the  opposite  is  the  case,  showing  that  the  foetus  produces 
heat.  This  heat  production  is  due  to  the  metabolism  going  on  inside 
it.  In  the  case  of  the  human  foetus  the  observations  were  made  by 
R.  Schafer  in  1863,  by  Schroder  in  1866,  by  Wurster,  Alexjeff, 
Vicarelli,  and  others,  by  inserting  during  labour  a  thermometer  into 
the  foetal  anus  or  mouth — in  breech  and  face  presentations  respec¬ 
tively — and  a  curved  thermometer  into  the  uterus.  These  showed 
that  the  living  foetus  always  has  a  slightly  higher  temperature,  viz., 
0T°-0'2°  C.,  than  the  containing  uterus.  A  dead  foetus,  however,  has 
a  lower  temperature  than  the  maternal  uterus. 

(b)  Heat  Loss. — As  the  foetus  is  surrounded  by  warm  liquor 
amnii,  it  is  unable  to  lose  heat,  and  hence  rapid  cooling  of  a  pregnant 
animal  has  been  found  by  Preyer  not  to  cause  such  a  marked  fall 
in  the  foetal  as  in  the  maternal  temperature.  For  a  similar  reason  a 
maternal  temperature  of  42°  C.  (107  F.),  or  even  slightly  less,  will 
kill  the  foetus. 

(c)  Heat  Regulation. — The  fact  that  the  cerebral  centres  are  un¬ 
developed  in  the  foetus  would  lead  one  to  expect  also  that  its  heat¬ 
regulating  centre,  which  is  situated  in  the  corpus  striatum,  should 
also  be  undeveloped.  This  has  been  found  to  be  the  case.  Edwards, 
in  1824,  was  the  first  to  show  that  new-born  animals  do  not  possess 
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the  faculty  of  maintaining  a  constant  temperature,  so  that  when  they 
are  kept  in  a  cool  chamber  their  temperature  falls  rapidly.  The 
experiments  of  Erdss  and  of  Raudnitz  have  shown  that  the  feebler 
the  physical  development  of  the  new-born  infant,  the  less  capable  is 
it  of  regulating  its  temperature. 

Foetal  Sleep. — Whilst  it  is  impossible  to  decide  with  any  degree 
of  certainty  whether  the  foetus  is  continually  asleep  or  not,  the  balance 
of  probabilities  is  in  favour  of  its  being  asleep  practically  constantly. 
This  is  so,  because  in  the  first  instance  the  foetal  brain  and  mental 
functions  are  as  yet  undeveloped,  and  secondly  because  all  the 
external  stimuli  such  as  light,  sound,  and  cutaneous  irritation,  which 
are  unfavourable  to  a  state  of  somnolence,  are  absent  inside  the  uterus. 
Moreover,  although  the  foetal  movements  may  not  in  themselves  be 
sufficient  to  produce  the  amount  of  fatigue  required  to  induce  sleep, 
yet  the  maternal  blood  contains  fatigue  products  which  are  sufficiently 
diffusible  to  pass  through  the  placenta  to  the  foetus. 


CHAPTER  XVII 


THE  FCETAL  SENSE  ORGANS 

“They  have  mouths,  but  they  speak  not  ;  eyes  have  they,  but  they  see  not. 
They  have  ears,  but  they  hear  not ;  noses  have  they,  hut  they  smell  not.  They 
have  hands,  but  they  handle  not  ;  feet  have  they,  but  they  walk  not ;  neither  do 
they  speak  through  their  throat.”  Psalm  cxv. 

The  structures  concerned  in  the  production  of  a  sensation  are  : — 

1.  An  end  organ. 

2.  Afferent  nerves  carrying  the  impulse  to 

3.  The  sensory,  psychic,  and  association  areas  in  the  cerebral 

cortex. 

Whilst  the  different  nerves  of  each  sense  organ  seem  to  be  able 
to  transmit  any  kind  of  impulse,  the  end  organs  are,  as  a  rule, 
adapted  to  receive  only  the  stimulus  for  one  particular  sense.  Thus 
the  waves  of  sound  will  stimulate  the  hair  cells  in  the  organs  of 
Corti  in  the  ear,  but  not  the  rods  and  cones  in  the  retina,  which 
latter  are  stimulated  only  by  light  waves,  and  vice  versa.  The 
particular  stimulus  acting  upon  any  particular  sense  organ  is  known 
as  the  adequate  stimulus  of  that  organ.  Thus  light  is  the  adequate 
stimulus  of  the  retina,  sound  of  the  ear,  and  so  on. 

In  considering,  therefore,  the  sensations  of  the  foetus,  we  have  to 
discuss  not  only  the  presence  or  absence  of  the  adequate  stimuli, 
but  also  the  existence  of  the  faculty  of  perceiving  the  various 
sensations.  Thus,  although  during  intra-uterine  life  the  adequate 
stimuli  for  sight,  hearing,  or  smell  are  absent,  yet  it  can  be  shown  by 
experiments  and  observations  on  prematurely  born  babies  and 
animals  that  the  capacity  for  perceiving  these  sensations  is  present 
even  before  birth.  Indeed,  this  is  what  we  should  expect  theoretically 
from  what  we  have  already  learned  about  the  histological  structure 
of  the  foetal  nervous  system,  as  well  as  of  the  response  of  its  various 
parts  to  electrical  stimulation. 

1.  Cutaneous  Sensations. — These  may  be  divided  into — 

(a)  Touch,  or  light  pressure. 

(, b )  Heat  and  cold. 

(c)  Pain. 

Each  of  these  three  different  kinds  of  sensations  has  a  different 
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end  organ,  so  that  certain  definite  spots  in  the  skin  will  receive  only 
heat  sensations,  and  certain  other  spots  will  respond  only  to  cold, 
whilst  others  again  will  respond  neither  to  hot  nor  to  cold,  but  will 
receive  painful  sensations,  such  as  the  prick  of  a  pin,  or  light  tactile 
sensations.  Again,  the  afferent  paths  for  each  of  these  stimuli  are 
different,  so  that  it  is  possible  in  certain  diseases  of  the  spinal  cord, 
such  as  syringo-myelia  (in  which  the  central  canal  is  distended, 
causing  pressure  on  the  conducting  paths),  for  the  heat  and  cold 
sensations  to  be  abolished,  although  painful  and  tactile  sensations 
still  remain. 

Structure  of  Skin  at  Birth.1 

The  horny  layer  of  the  epidermis  is  very  thin  at  birth.  The 
corium  or  dermis  is  very  cellular.  The  papilla  are  well  formed  on 
the  sole  of  the  foot,  but  on  the  head  and  back  they  are  feebly 
developed. 

The  elastic  tissue  of  the  skin  is  feebly  developed. 

The  Pacinia?i  corpuscles  are  well  developed. 

The  subcutaneous  cellular  tissue  is  well  formed,  but  the  fat  cells 
are  smaller  than  in  the  adult,  and  contain  nuclei. 

The  capillaries  are  wider  than  in  the  adult. 

The  sebaceous  and  sw eat  glands  are  not  yet  fully  developed. 

(a)  Touch. — The  presence  of  the  faculty  of  touch  in  the  foetus  is 
evident  from  the  facts  already  enumerated  in  Chap.  XV.,  p.  205, 
with  regard  to  reflex  foetal  movements.  The  adequate  stimulus  is 
furnished  by  the  walls  of  the  uterus. 

The  Distribution  of  Tactile  Nerve  Endings. 

The  cutaneous  and  mucous  membrane  sensibility  in  the  adult 
varies  with  the  number  of  nerve  endings  in  each  particular  locality. 
Tactile  discrimination  is  measured  by  an  asthesiometer ,  which  is  an 
instrument  resembling  a  pair  of  compasses,  and  determines  the 
minimal  distance  at  which  the  two  points  of  the  compasses  can  be 
distinguished  as  two  separate  points.  The  table  on  p.  234  gives 
those  distances  in  millimetres  for  various  parts  of  the  adult  body. 

In  the  new-born  infant  the  question  of  the  degree  of  susceptibility 
to  touch  of  different  parts  of  the  body  was  first  investigated  by 
Kussmaul  in  1859.  Later  observers  have  found  the  following 
results  : — The  tongue  is  highly  sensitive  to  touch,  and  so  is  the  palm 
of  the  hand  and  the  sole  of  the  foot,  but  the  lip  and  mucous 
membrane  of  the  nose  are  the  most  sensitive.*2 

1  Koroleff,  Dissert.,  St  Petersburg,  1902. 

2  Canestrini,  “  Uber  das  Sinnesleben  ties  Neugeborenen,”  Berlin,  1913. 
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Regions. 

Distance  in  Mm. 

Tip  of  tongue  ------ 

1 

Middle  of  dorsum  of  tongue  - 

8 

Palm  of  hand 

10 

Back  of  hand  ------ 

28 

Mucous  membrane  of  lip  -  -  - 

4 

Tip  of  the  nose  ------ 

6 

Back  of  neck  near  occiput  -  -  -  - 

50 

Middle  of  back,  upper  arm,  and  thigh  - 

67 

As  regards  the  sensibility  of  the  nasal  mucous  membrane, 
ammonia  vapour  causes  sneezing  or  wrinkling  of  the  forehead,  or 
at  least  blinking  of  the  eyelids,  in  a  mature  foetus,  but  not  in  a 
premature.  Strong  stimuli  applied  to  the  nostril  may  also,  according 
to  Preyer,  occasionally  cause  a  secretion  of  tears  which  is  normally 
absent  during  the  first  few  days  of  life. 

That  tears  are  not  normally  secreted  by  a  new-born  infant  until  the  fortieth 
day  was  already  known  to  Aristotle.  The  researches  of  Kirstein  show  that  the 
lachrymal  glands  at  birth  are  not  yet  fully  developed.  On  the  other  hand, 
Axenfeld  finds  the  glands  fully  developed  at  birth,  and  attributes  the  absence 
of  tears  to  the  lack  of  sufficiently  strong  stimuli  to  excite  the  nerve  centre. 

This  is  an  example  of  a  reflex  arc  in  the  foetus  formed  by  the 
afferent  and  efferent  branches  of  the  same  nerve,  viz.,  the  trigeminal. 
Canestrini  was  unable  to  elicit  lachrymal  secretion  in  new-born  infants. 

(For  the -tactile  sensibility  of  the  other  parts  of  the  body,  see 
Preyer,  “  Die  Seele  des  Kindes,”  Leipzig.) 

(b)  Heat  and  Cold. — According  to  Preyer  1  the  perception  of 
heat  and  cold  is  probably  absent  during  intra-uterine  life,  since  the 
medium  in  which  the  foetus  floats  is  of  constant  temperature,  and, 
therefore,  the  adequate  stimulus  for  this  sense  is  lacking.  At  birth, 
however,  the  foetus  easily  responds  to  thermal  stimuli.  Indeed, 
Schultze’s  method  of  resuscitating  apparently  stillborn  infants 
consists  in  the  application  of  cold  water  to  the  surface  of  the  body. 
This  often  results  in  respiratory  efforts  by  the  infant.  Canestrini 
observed  that  placing  a  cold  metal  stick  on  the  forehead  of  a 
new-born  infant  produced  a  sudden  and  very  marked  change  in 
the  character  of  its  respirations  (as  traced  by  a  pneumograph)  as 
well  as  in  the  volume  of  the  brain,  as  recorded  by  a  tambour  placed 
on  the  anterior  fontanelle  (Fig.  60). 

(c)  Pain. — This  sensation,  though  present,  is  not  well  developed 


1  “Physiologic  des  Embryo,”  p.  473. 
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in  the  foetus.  Preyer  showed  that  whilst  such  painful  stimuli  as 
strong  electric  currents  made  the  ripe  foetal  rabbit  cry  out  very  loud, 
less  painful  stimuli  were  apparently  not  felt.  In  any  case,  the  latent 
period  is  as  long  as  two  seconds.  Ottolenghi*  1  found  the  same  result 
in  the  case  of  new-born  infants,  and  Lombroso  2 3  says  that  “Another 
proof  of  the  slight  susceptibility  of  the  infant  to  pain  is  the  fact  that, 
even  at  the  age  of  two  or  three  years,  children  are  sometimes  unable 
to  localise  pain,  so  that  they  are  unable  to  define  the  exact  position 
of  a  headache,  etc.” 

Action  of  Anaesthetics. — Preyer  has  shown  that  inhalation  of 
chloroform  by  an  excised  foetal  rabbit  does  not  easily  give  rise  to 
anaesthesia ;  that  the  latter,  when  it  does  occur,  is  more  transient  than 
in  later  post-natal  life ;  and  that  local  application  of  chloroform  soon 


D - 1 - 1 - - - - 

Fig.  60. — Effect  of  placing  a  cold  metal  stick  on  the  forehead  of  a 

new-born  infant. 

A  =  Respiration  curve;  B  =  Brain  curve;  C  =  Time  tracing  (§-secs.)  ; 

D  =  Duration  of  experiment. 

(After  Canestrini.) 

causes  a  local  anaesthesia  even  to  the  strongest  stimuli ;  but  that  such 
anaesthesia  very  soon  vanishes.  These  results  are  probably  due  to 
the  deficient  development  of  the  foetal  central  nervous  system. 

Summary. — Canestrini  summarises  the  results  of  his  experiments 
on  cutaneous  sensibility  in  the  new-born  as  follows  : — 

1.  The  strongest  and  promptest  reaction  results  from  cold 
stimuli.  These  cause  immediate  retardation  of  the  respiratory  rate, 
increase  in  the  volume  of  the  brain,  and  motor  unrest. 

2.  As  regards  tactile  sensibility  the  lips  are  the  most  sensitive, 
and  the  latent  period  is  longer  than  in  the  adult. 

3.  Painful  ( e.g .,  pin-pricks)  and  electrical  stimuli  (such  as  galvanic 
currents  up  to  10  milliamperes  and  Faradic  currents)  are  only  feebly 
distinguishable. 

1  “  La  Sensibilita  e  feta,”  Torino,  1894. 

2  Quoted  by  Canestrini,  op.  cit .,  p.  79. 
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The  practical  results  of  these  investigations  are  : — 

(a)  The  application  of  cold  is  a  useful  means  of  resuscitating 
apparently  stillborn  infants. 

(b)  Minor  operations  in  new-born  infants  can  be  carried  out 
without  an  anaesthetic.  Moreover,  local  anaesthesia  is  more  uselul 
than  a  general  anaesthetic. 

2.  The  Sense  of  Taste,  or  Gustatory  Sense. — Kussmaul,1  in 
1859,  showed  that  the  application  of  solutions  of  sugar  or  quinine 
to  the  tongue  of  seven  and  eight  months’  fetuses  resulted  in  reflex 
facial  movements  expressive  of  pleasure  or  disgust  respectively. 
This  taste-reflex  is  independent  of  the  cerebral  cortex  as  proved  by 
the  experiment  of  Kiistner,2  who  has  shown  that  the  application  of 
glycerine  to  the  tongue  of  an  anencephalic  monster  resulted  in  move¬ 
ments  expressive  of  satisfaction,  whilst  subsequent  application  of 
vinegar  to  the  lips  gave  rise  to  an  expression  of  displeasure,  as 
shown  by  cyanosis  of  the  face,  injection  of  the  eyeballs,  and  partial 
closure  of  the  eyelids.  The  adequate  stimulus  is  afforded  by  the 
liquor  amnii,  which  contains  salt,  sour,  sweet,  and  bitter  substances. 

Canestrini,3  experimenting  with  the  following  substances,  viz., 
2-5  per  cent,  solutions  of  cane  sugar,  2-5  per  cent,  solutions  of  acetic 
acid,  2  per  cent,  saline,  2  per  cent,  solutions  of  quinine,  diluted  cow’s 
milk,  mother’s  milk,  found  the  following  results  : — 

(1)  Sweet  substances  caused  a  somewhat  restless  infant  to  be 
quieted,  so  that  the  heights  of  respiratory  as  well  as  of  the  brain- 
volume  curves  fell. 

(2)  Salt  solution  applied  to  the  tongue  of  a  placid  baby  resulted 
in  some  restlessness. 

(3)  Bitter  solutions  caused  a  very  marked  restlessness,  leaving  no 
doubt  that  it  was  disagreeable  to  the  infant. 

(4)  There  was  no  difference  between  the  results  produced  by 
cow’s  milk  and  mother’s  milk. 

(5)  Every  sucking  action  is  accompanied  by  a  regular  rise  and 
fall  in  the  brain-volume  curve,  due  to  venous  stasis,  produced  by 
compression  of  the  blood  vessels. 

(6)  The  sense  of  taste,  which  is  the  most  important  one  for  the 
infant  from  the  point  of  view  of  its  nutrition,  is  the  one  which  is 
better  developed  than  any  other  sensation,  such  as  hearing,  sight, 
smell,  and  touch. 

(7)  The  reaction  time  for  taste  in  the  case  of  the  adult  varies 

1  “  Untersuchungen  liber  das  Seelenleben  des  neugeborenen  Menschen," 
Leipzig  u.  Heidelberg,  1859. 

“  Quoted  by  Preyer. 

z  Op.  cit. 
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between  O’ 1598  and  072351  second,  and  although  it  is  impossible  to 
measure  this  period  with  certainty  in  the  case  of  a  new-born  infant, 
still  one  can  be  certain  that  the  reaction  time  for  taste  is  less  than 
for  the  other  sensations  in  the  new-born  infant. 

3.  The  Sense  of  Smell. — The  fact  that  Flechsig  has  found  that 
the  olfactory  and  tactile  parts  of  the  brain  were  the  earliest  to  be 
myelinated  in  the  foetus,  would  show7  that  these  senses  should 
be  present  and  well  developed  at  birth.  On  the  other  hand, 
E.  H.  Weber  has  shown  that  filling  the  adult’s  nostrils  with  strongly 
odorous  substances  gave  rise  to  no  sensation  of  smell,  showing  that 
the  perception  of  smell  can  only  occur  if  the  adequate  stimulus 
reaches  the  end  organs  in  the  nose  in  the  gaseous  form,  and,  there¬ 
fore,  during  intra  uterine  life,  when  the  nostrils  are  filled  vfith  liquor 
amnii,  there  cannot  be  stimulation  of  the  foetal  olfactory  nerve 
endings. 

The  olfactory  part  of  the  brain  in  the  human  foetus,  as  well  as  in 
adult  man,  is  very  small  in  comparison  with  what  it  is  in  animals  like 
dogs  and  cats,  in  which  the  olfactory  part  forms  about  one-fifth  of  the 
total  brain  mass.  On  the  other  hand,  it  is  large  in  comparison  with 
that  in  animals  like  the  cetacea ,  which  do  not  possess  the  sense  of 
smell. 

All  observers  agree  that  the  human  foetus  already  possesses  a 
well-developed  sense  of  smell,  although  the  adequate  stimulus  is 
absent.  Indeed,  this  olfactory  function  is  probably  better  developed 
at  birth  than  it  is  in  the  adult.  According  to  Preyer,  a  normal 
baby  at  birth  can  distinguish,  by  smell  alone,  various  kinds  of  milk, 
although,  according  to  Canestrini,  this  distinction  is  made  by  the 
infant  probably  by  the  gustatory  sense.  The  ability  of  a  blind 
infant  to  recognise  its  mother’s  milk  by  its  taste  and  smell  w7as  also 
believed  by  the  ancient  Jewish  sages  in  the  time  of  the  Talmud.1 

Kussmaul 2  showed  that  in  a  sleeping  premature  (eight  months’) 
foetus,  the  odour  of  asafoetida  gave  rise  to  an  undoubted  expression 
of  disgust.  Canestrini  investigated  the  question  by  means  of  the 
following  substances,  viz.,  asafoetida,  cow’s  milk,  mother’s  milk, 
acetic  ether,  peppermint,  camphor,  lavender,  musk,  chloroform,  ethyl 
chloride,  paraldehyde,  absinth,  benzene,  amyl  nitrite,  and  several 
other  things.  His  results  agree  with  those  of  Rousseau  in  1782  that 
the  olfactory  sense,  though  well  developed,  is  less  w7ell  developed 
than  the  other  sensations. 

4.  The  Sense  of  Hearing. — Whilst  the  senses  of  sight  and  of 
smell  lack  their  adequate  stimuli  inside  the  uterus,  this  is  not  the 

1  See  W.  M.  Feldman,  £<  The  Jewish  Child,”  London,  1917,  p.  179. 

2  Op.  cit. 
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case  with  the  sense  of  hearing.  The  uterine  and  umbilical  souffles, 
the  sound  of  the  maternal  aortic  pulse,  the  conducted  sounds  of 
the  maternal  and  foetal  hearts,  the  rumblings  of  the  mother’s 
intestinal  tract,  the  sound  produced  by  the  foetal  movements,  and 
other  sounds  conducted  from  outside,  such  as  the  rubbing  of  the 
mother’s  clothes  against  her  body,  etc.,  all  these  furnish  adequate 
stimuli  for  the  foetal  ears.  On  the  other  hand,  there  is  no  doubt 
that  new-born  infants  are  totally  deaf  both  to  air-  and  bone- 
conduction,  during  the  first  few  hours  of  post-natal  life.  The  air 
deafness  is  due  to  the  absence  of  air  from  the  tympanic  cavity 
until  pulmonary  respiration  has  been  well  established.  The  absence 
of  bone-conduction  is  not  easily  explained,  but  there  is  no  doubt 
about  the  fact.  Preyer  found  that  in  subsequently  well-hearing 
infants  the  ticking  of  a  watch  or  the  vibrations  of  a  tuning  fork  could 
not  be  perceived  by  bone-conduction  during  the  early  part  of  life. 

The  excitability,  however,  of  the  auditory  nerve,  and  the  faculty 
of  the  foetal  nerve  apparatus  to  perceive  sound,  are  quite  certainly 
present  during  intra-uterine  life.  Preyer  satisfied  himself  that 
premature  guinea-pigs  (artificially  removed)  responded  to  loud 
sounds,  after  pulmonary  respiration  was  established. 

Canestrini 1  made  279  observations  on  the  hearing  capacity  of 
new-born  infants.  The  sounds  he  utilised  were  :  the  harmonium, 
bells,  tuning  forks,  dropping  of  objects,  toy  pistols,  pipes,  toy 
trumpets,  etc.  He  finds  that  all  infants  demonstrated  signs  of 
hearing  within  six  hours  after  birth,  as  shown  by  the  changes 
occurring  in  the  respiratory  and  brain-volume  curves. 

5.  The  Sense  of  Light. — (For  the  physiological  anatomy  and 
development  of  the  eye,  see  Chap.  XXXVI.) 

The  human  new-born  infant  is,  from  the  point  of  view  of  its 
faculty  of  sight,  intermediate  between  such  species  of  animals  as 
the  birds,  fishes,  etc.,  which  have  a  very  keen  sense  of  vision,  and 
such  animals  as  the  dog,  cat,  rabbit,  etc.,  which  are  born  blind. 

The  adequate  stimulus  for  sight  is,  of  course,  absent  inside  the 
uterus,  but  that  the  capacity  for  sight  is  present  before  birth  is 
proved  by  the  fact  that  a  premature  (seven  months’)  infant,  twenty-four 
hours  old,  turns  its  head  towards  a  light,  and  the  pupillary  reflex  to 
light  is  present  immediately  after  birth  in  eight  months’  foetuses. 
The  same  is  the  case  with  a  guinea-pig  removed  from  the  uterus 
a  short  time  before  full  term.  If,  however,  the  foetal  guinea-pig  is 
excised  a  considerable  time  before  full  term,  the  reaction  of  the 
pupils  to  light  does  not  take  place,  probably  because  the  corpora 

1  Op.  cit. 

2  See  Kussmaul,  op.  cit. 
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quadrigemina,  the  optic  nerves,  and  the  retina  are  not  yet  sufficiently 
developed.  The  local  application  of  myotics  like  physostigmin  or 
nicotine,  however,  causes  contraction  of  the  pupils,  and  mydriatics , 
like  atropine,  cause  the  pupils  to  dilate.  In  a  full-term  anencephalic 
foetus,  in  which  the  corpora  quadrigemina  were  missing,  the  reaction 
of  the  pupil  to  light  was  absent. 

The  Reaction  of  the  Pupils  to  Accommodation  (i.e.,  contraction 
of  pupils  on  convergence  of  eyeballs)  is  absent  at  birth. 

Injection  of  atropine  under  the  skin  of  a  woman  three  hours 
before  parturition  gave  rise  to  fixed  dilated  pupils  in  the  foetus. 

Sympathetic  Light  Reaction. — If  one  eye  of  a  new-born  baby  is 
closed,  whilst  the  other  remains  open,  the  pupil  of  the  latter  will 
dilate. 

Dilatation  of  the  pupils ,  as  the  result  of  sensory  stimulation ,  such 
as  pinching  the  skin,  is  present  at  birth.  The  ability  to  open  the 
eyelids  is  present  before  birth,  since  premature  infants  open  their 
eyes  immediately  they  are  born. 

The  lid  reflex,  i.e.,  closing  of  the  eyelid  on  the  approach  of  an 
object,  such  as  the  finger  to  the  eye,  is  absent  at  birth,  although 
the  eyelids  will  close  when  a  strong  light  is  thrown  upon  the  eyes. 

The  cor?ieal  reflex  is  only  feebly  present. 

The  conjunctival  reflex  is  less  constantly  present.  Gundobin 
and  Furmann1  found  it  present  in  forty-seven  out  of  fifty  new-born 
infants. 

Phosphenes. — A  phosphene  is  a  subjective  sensation  of  light 
produced  by  an  /^adequate  stimulus,  such  as  compression  of  the 
eyeball  with  the  finger,  which  causes  pressure  on  the  retina.  During 
intra-uterine  life,  although  the  adequate  stimulus  is  absent,  the 
occurrence  of  such  /^adequate  stimuli  cannot  be  excluded.  As, 
however,  such  accidental  stimulation  of  the  foetal  retina  must  be 
very  rare,  its  importance  from  the  point  of  view  of  foetal  vision  must 
be  practically  negligible. 

Colour  Vision. — This  is  absent  at  birth. 

Canestrini2  made  110  optical  observations  on  new-born  infants. 
The  stimuli  he  employed  consisted  of  electric  lamps  of  various 
degrees  of  light  intensity,  as  well  as  coloured  flames.  He  studied 
the  effects  by  noting  the  changes  in  the  brain-volume  tracing,  as 
well  as  in  the  respiratory  curve.  He  found  that  the  results  varied 
with  the  state  of  the  infant  (i.e.,  restless,  or  in  a  state  of  repose, 
sleeping  or  awake)  and  with  the  intensity  of  the  stimulus.  Thus, 
while  all  infants  at  birth  respond  to  light,  as  shown  by  a  rise  in  the 

1  See  Gundobin,  op.  cit.,  p.  531. 

2  Op.  cit. 
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brain-volume  curve,  the  results  were  much  more  marked  with 
strong  than  with  weak  lights,  and  when  the  child  was  awake  than 
when  asleep.  He  also  found  that  the  effect  of  coloured  lights  was 
the  same  as  that  of  white  light  of  the  same  intensity. 

The  summation  of  stimuli  is  well  shown  by  the  irregularities  in 
the  curves  produced  by  frequent  repetitions  of  the  light  stimuli. 


CHAPTER  XVIII 


THE  BIO-DYNAMICS  OF  GROWTH1 

“I  often  say  that  when  you  can  measure  what  you  are  speaking  about,  and 
express  it  in  numbers,  you  know  something  about  it,  but  when  you  cannot  measure 
it,  when  you  cannot  express  it  in  numbers,  your  knowledge  is  of  meagre  and 
unsatisfactory  kind  ;  it  may  be  the  beginning  of  knowledge,  but  you  have  scarcely, 
in  your  thoughts,  advanced  to  the  stage  of  science.” 

Lord  Kelvin. 


Growth  consists  of  an  increase  of  living  substance  resulting  in 
cell  division.  We  have  seen  in  Chap.  VII.,  p.  90,  that  the  process 
of  cell  division  is  determined  by  the  following  two  factors,  viz.  : — 

1.  The  limiting  size  to  which  a  cell  may  attain  beyond  which 
the  extent  of  its  surface  becomes  too  small  for  its  enlarging  mass. 

Yn 

2.  The  proportion  — ,  representing  the  ratio  of  the  volume  of 

Vc 

the  nucleus  (or,  rather,  the  mass  of  chromatin  inside  it)  to  that  of 
cytoplasm. 

We  have  also  seen  from  the  experiments  of  Driesch,  mentioned 
in  Chap.  VII.,  p.  86,  that  an  isolated  cleavage  cell  of  the  first, 
second,  or  third  stage  of  segmentation  of  a  sea-urchin  egg  gives  rise 
to  a  dwarf  larva  possessing  a  half,  quarter,  or  eighth  respectively  of 
the  number  of  cells,  but  of  the  same  size  as  in  the  normal  larva. 
Moreover,  we  have  seen  (p.  88)  that  a  single  larva,  produced  by 
the  fusion  of  two  eggs,  possesses  double  the  number  of  cells  that  a 
normal  larva  has,  but  the  cells  are  of  the  same  size  as  those  of  a 
larva  formed  from  one  egg. 

Boveri 2  has  further  pointed  out  that  in  cell  division,  after  fertilisa¬ 
tion,  each  new  nucleus  has  the  same  size  as  the  parent  nucleus. 
Hence  if  the  mass  of  the  original  fertilisation  nucleus  be  represented 
by  m,  then  the  mass  in  the  two-cell  stage  equals  2 m,  in  the  four-cell  stage 
equals  4 m,  and  so  on  in  geometrical  progression.  In  other  words, 
the  velocity  of  nuclear  synthesis  increases  with  lapse  of  time,  and 
with  the  mass  of  nuclear  material  already  formed.  This  is  char¬ 
acteristic  of  that  class  of  chemical  reactions  named  by  Ostwald 

'  This  chapter  is  based  on  Robertson’s  articles  in  Arch.  Entwickl .  mech ., 
xxv.,  1908,  and  Am.  J.  Physiol . ,  37,  1915. 

-  Zellen  Studien ,  Heft  5,  Jena,  1905. 
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auto  catalytic,  in  which  one  of  the  reacting  substances,  or  in  this  case 
one  of  the  constituents  of  the  nucleus,  acts  as  a  catalytic  agent,  and 
accelerates  the  velocity  of  the  reaction. 

A  common  example  of  autocatalysis  is  the  hydrolysis  of  an  ester 
— for  example,  that  of  ethylacetate  by  water.  The  reaction  which 
takes  place,  according  to  the  equation 

CH8COOC2H6  +  h2o  =  ch3cooh  +  C2H5OH, 

is  at  first  so  slow  as  to  be  inappreciable,  but  as  the  process  goes  on 
the  hydrogen  ions  of  the  acid  CH3COOH,  set  free  in  the  reaction 
itself,  act  as  a  catalyst  upon  the  portion  of  the  ethyl  acetate  still  un¬ 
decomposed,  and  hasten  the  reaction. 

Now,  since  chemical  reaction  only  takes  place  between  molecules 
in  contact,  it  is  obvious  that  the  greater  the  concentration  of  any  one 
or  more  of  the  reacting  substances,  the  shorter  the  time  required  for 
the  molecules  to  meet,  and,  therefore,  the  velocity  of  a  chemical  reaction 
is  proportional  to  the  molecular  concentration  of  each  of  the  reacting 
substances .  This  is  known  as  Guldberg  and  Waage’s  law  of  mass- 
action,  which  was  formulated  first  by  these  two  Norwegian  investiga¬ 
tors  in  1867.  This  law  is  expressed  algebraically  as  V  =  KC<2.(Y, 
where  V  =  velocity,  K  =  a  constant,  and  C a  and  C b  the  respective 
concentrations  of  the  reacting  substances. 

Now  suppose  the  molecular  concentration  of  the  ester  at  the 
beginning  of  the  reaction  to  be  A  (/.<?.,  A  molecules  per  litre),  and  the 
amount  transformed  during  an  interval  of  t  seconds  to  be  x  molecules, 
then  the  concentration  of  the  ester  at  the  moment  t  is  represented 
by  A  -  x,  and  that  of  the  acid  formed  is  x. 

V(at  any  moment)  =  K#( A  -  x). 

From  this  equation  it  is  obvious  that  as  the  reaction  proceeds  the 
velocity  due  to  the  concentration  of  the  original  substance  (the  ester 
in  this  case)  gradually  diminishes  as  its  concentration  diminishes, 
whilst  that  due  to  the  concentration  of  the  new  formed  substance,  in 
this  case  the  acetic  acid,  keeps  on  increasing  with  the  increased 
formation  of  the  new  substance. 

Hence  there  must  be  a  certain  period  at  which  the  molecular 
concentration  of  each  of  the  reacting  substances  is  such  as  to  make 
the  velocity  of  reaction,  i.e.,  Kx(A  -  x),  a  maximum.  In  order  to 
find  the  stage  at  which  the  velocity  is  a  maximum  we  proceed  as 
follows  ; — 


V  =  Kx(A  -  x)  =  KAx  -  Kx2. 
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x2  —  Ax  + 


A2 

4 


V  ,  A2 

k  +  Tj 


V_A2 
K  =  4 


A\2  A2  _  V 
4  K’ 
A\ 2 


x 


9 


Since 


A2 


x 


A\2  • 


is 


A\  2 


a  maximum,  when  (a:  -  f  j  is  a  minimum, 


A\ 2 

*2 


and  since  yx  -  —  J  ,  being  a  square  number,  can  never  be  a  negative 
quantity, 


x 


A 


A\  2 

x  -  --  J  is  a  minimum  when  it  is  equal  to  zero,  i.e.,  when 


and  hence  V,  is  a  maximum,  when  a:  =  A. 
K  2 


Hence,  if  growth  is  an  autocatalytic  reaction ,  ought  to  find  that 
the  rate  of  growth  is  at  its  maximum  when  the  weight  attained  by  the 
organism  is  half  that  attamed  when  the  organism  stops  grozving.  Let 
us  see  whether  this  is  the  case.  We  shall  first  investigate  the  question 
in  the  case  of  the  white  rat,  and  then  we  shall  analyse  the  rate  of 
growth  in  man. 


(a)  The  Growth  of  the  White  Rat. 

Donaldson,  Dunn,  and  Watson  found  the  following  to  be  the 
average  weights  of  rats  at  different  ages  : — 


At  birth, 

t=  0  days. 

Body  weight  =  5-4 

At 

0 

r—H 

II 

A 

r— 1 

II 

t=  102  „ 

„  =168-8 

'=112  „ 

„  =183-8 

From  the  figures  we  see  that  the  average  rate  of  growth,  or  the 
average  velocity  of  growth,  for  the  whole  of  the  112  days  was 

^  =  159  gm.  per  day,  but  that  the  rate  of  growth  was  not 

uniform.  Thus,  during  the  first  ten  days,  the  average  velocity  was 
12‘2  —  5‘4 

- — - =  *68  gm.  per  day,  whilst  during  the  last  ten  days  it  was 

183-8  -  168-8  .  -  ,  T  a  a  a  -  ui 

—  =  1*0  gm.  per  day.  Indeed,  during  no  measurable 


10 

interval  of  time  does  the  velocity  of  growth  remain  constant.  If, 
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however,  we  take  an  infinitesimally  small  interval  of  time  dt  (which 
does  not  mean  d  times  t,  but  means  an  infinitesimally  small  bit  of  t), 
we  can  assume  the  velocity  to  remain  constant  during  that  time 
interval.  Let  dx  represent  an  infinitesimally  small  increase  in  weight 
during  the  time  dt,  then  the  velocity  of  growth  at  any  instant  is 


V  = 


dx 

dt 


—  is  read  “  dee-ex  by  dee-tee,”  and  is  called  the  differential  coefficient  of  x  with 
dt 

respect  to  t 

Now,  going  back  to  our  equation  for  an  autocatalytic  reaction  of 
the  hydrolysis  of  ethyl  acetate,  V  =  K,r(A  -  x). 

dx\ 


We  have  (  since  V  = 


dt , 


dx 

dt 


Kw(A  —  x). 


This  is  a  differential  equation,  giving  us  the  velocity  of  reaction  in 
any  autocatalytic  phenomenon  at  any  particular  moment  t. 

But  it  is  obvious  that  this  equation  cannot  be  applied  directly  to 
any  experimental  results,  since  dx,  the  amount  of  change  of  the 
concentration  x  in  the  time  dt,  would  have  to  be  taken  fairly  large, 
say  a  good  few  minutes,  to  give  accurate  results,  and  during  that 
interval  x  would  have  increased,  and  (A  -  x)  would  have  corre¬ 
spondingly  diminished.  To  obviate  this  difficulty,  we  perform  what 
is  called  the  process  of  integration ,  which  consists  in  finding  the 
value  of  the  whole  quantity  x  in  terms  of  t  when  one  is  given  only 


an  expression  for  dx  or  for 


dx  c  dt 
-  or  for  — . 
dt  dx 


Let  us  take  our  equation  again — 


dx 

dt 


Kx(A  -  x) 


dt  — 


dx 

Kkr(A  -  x) 


The  sign  or  symbol  for  integration  is  /,  which  is  a  long  S  and 
stands  for  “  the  sum  of.”  Hence,  to  integrate  the  above  equation, 
we  write  down 


r 


dx 

Kx(A  -  x) 


(  which  reads  “  Integral  dt=  Integral 


dx 


r>\ 


Kxv(A  -  x) 
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Now,  since  dt  is  one  of  the  numerous  little  bits  of  which  t  is  made 
up,  it  is  obvious  that  their  sum  is  t. 

fdt=t. 


t  = 


.dx 


Kjt(A  -  x) 


From  the  integral  calculus  we  know  that 


x 


dx  1 

Ka-(A  -  x) =  K  lo§ 


X 


We  have 


T  x 

Log  — - 

A  -  x 


=  Kt. 


Moreover,  if  t  is  any  interval  of  time  between  4  and  f2  we  have — 

L°g  YbrK(/i'4> 

which  is  therefore  called  the  autocatalytic  equation. 

Applying  this  equation  to  Donaldson’s  observations  we  get — 

5-4 


Log 

Log 


A -5T 
12-2 


A -12-2 
168-8 


L°g  A  -  168-8 


Log 


—  =  -  K/2(since  t1  =  0) 
=  K(10  -/2)  - 
=  K(102  -  4) 

=  K(112  - 12) 


183-8 
A  -  183-8 

From  (1)  and  (2)  we  obtain  by  subtraction- 

T  12*2(A  -  5-4) 

L°S  5-4(A--T^2)=1QK 

From  (3)  and  (4)  we  obtain  by  subtraction- 
T  183-8(A- 168-8)  1Air 
L°g  I68’8(A  — 183-8)  10K 


12-2(A  -  5-4)  _  183-8(A  -  168-8) 
5-4(A-  W2)  ~  168-8(A  -  183-8) 


giving  A  =  196 


(1) 

(2) 
(3) 
W 

(«) 

{b) 

(0 


i.e.y  the  theoretical  maximum  weight  to  which  a  white  rat  may 
attain  should  be  196  gm.  Therefore,  if  growth  is  an  autocatalytic 
phenomenon,  we  ought  to  find  that  the  rate  of  daily  increase  in 
weight  should  be  at  its  maximum  when  X  (i.e.,  the  body  weight)  is 

98  gm.  ii.e.,  )  (see  p.  243).  On  looking  at  Donaldson’s  table  we 
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find  that  for  the  various  three-day  intervals  between  t=58  and  t  —  73 
days,  the  increase  in  weight  was  as  follows  : — 


t=  58  days. 

Body  weight  = 

73-9 

gm. 

Daily  increase  —  L8 

t=  61 

55 

5 1 

81-7 

5  5 

„  =2-6 

/=64 

55 

55 

89-1 

55 

=  2-5 

li 

55 

5) 

99-3 

55 

„ 

o 

i'¬ 

ll 

"*** 

55 

55 

106-6 

55 

=  2-4 

/=73 

55 

55 

113-8 

55 

„  =2-4 

Thus  the  maximum  increase  in  weight,  viz.,  3-4  gm.,  occurred  during 
the  three-day  interval,  when  the  body  weight  was  between  89 T  and 
99-3  gm.  In  fact,  this  was  found  to  be  the  maximum  throughout  a 
period  of  investigations  lasting  730  days.  Hence  we  may  infer  that 
the  value  of  A  found  in  (5)  above  is  correct. 

Having  found  the  value  of  A,  it  is  easy  to  calculate  the  value  of  x, 
i.e .,  the  weight  of  the  animal  at  any  particular  age  /,  if  we  know  the 
value  of  the  constant  Iv.  This  can  be  found  as  follows  : — 

From  the  above  table  we  have  seen  that  on  a  day  between  the 

64th  and  67th  day  the  animal  weighs  98  gm.,  or  If  we  assume 

that  during  those  three  days  the  growth  was  approximately  constant, 
we  find  that  the  body  weight  was  98  gm.  at  6 6 '6  days. 

.-.  We  have  log  —  =  K(/  -  66*6). 

19b  -  x 

Hence  at  birth  when  t  —  0,  and  when  x  —  f> '4  gm.  (see  table  on 
p.  243), 

we  have  log  -5-^-  =  —  66*6  K. 

Whence  K  =  T0232. 

Similarly  from  the  observations  at  /  =  10  and  70,  we  get  K  =  0-0208 
and  0-0225  respectively.  The  average  value  of  K  as  found  from 
various  observations  is  0-022. 

Hence  the  autocatalytic  growth-equation  becomes 

LogTwY=0'022(/~66'6)  ■  -  (6) 

From  this  equation  we  can  easily  find  the  value  of  x ,  i.e.,  the  weight 
of  the  animal  when  it  is  any  number  of  days  (/)  old,  by  giving  t 
values  of  0,  1,  2,  3,  4,  etc. 

The  following  table  compares  the  theoretical  and  observed 
values  of  x  : — 
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Time  in  Days. 

^•=Body  Weight  in  Gm. 

Difference. 

Number  of 
Animals  Observed. 

Observed. 

Calculated. 

0 

5-4 

6-5 

+  1T 

40 

1 

5-6 

6-8 

+  1-2 

26 

2 

5-8 

7-1 

+  T3 

10 

3 

6-3 

7-5 

+  1-2 

8 

4 

6-9 

7-9 

+  1 

10 

5 

8*3 

8-3 

0 

9 

6 

94 

8-7 

-0-4 

11 

7 

9-2 

9-1 

-0-1 

11 

8 

10-4 

9-6 

-0-8 

14 

9 

1T3 

10-05 

-  T25 

10 

10 

12-2 

10-55 

-  1-65 

6 

15 

16-5 

13-4 

-  3-1 

19 

25 

25-3 

2T3 

-  4 

19 

40 

42-2 

40-4 

-  T8 

19 

70 

106-6 

106-5 

-0*1 

19 

102 

168-8 

168 

-0-8 

19 

107 

177-6 

173-6 

-4 

19 

131 

202*5 

188-8 

-  13-7 

19 

138 

209-7 

190-9 

-  18-8 

19 

150 

225-4 

193-2 

-32-2 

19 

171 

235-8 

195 

-40-8 

17 

216 

252-9 

195-9 

—  57 

10 

730 

308-5 

196 

-  112-5 

6 

Hence,  if  we  were  to  construct  a  curve  showing  the  progress  of 
an  autocatalytic  reaction  with  time,  and  another  one  showing  the 
increase  in  body  weight  of  the  white  rat  with  time,  we  would  find 
that  the  two  curves  are  practically  identical  up  to  /=140.  It  is 
possible,  says  Robertson,  that  the  portion  of  the  curve  between  /=  140 
and  /=730  either  represents  an  additional  growth  cycle,  or  that  it 
more  probably  represents  a  deposition  of  fat,  “a  process  which  is 
not  contemplated  in  the  derivation  of  the  autocatalytic  equation  and 
which  in  white  rats,  arrived  at  maturity  and  kept  in  confinement, 
might  not  improbably  occur.” 

If,  however,  we  compare  the  form  of  the  autocatalytic  curve 
with  the  growth  curve  of  man  (see  Fig.  61)  it  is  evident  that  the 
latter  consists  of  two  or  more  such  autocatalytic  curves  linked  together, 
suggesting  that  there  are  two  or  more  autocatalytic  processes  which 
go  to  make  up  the  total  growth  of  a  human  individual.  Donaldson 
points  out  that  in  the  rat  also  there  are  three  autocatalytic  or  S- 
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shaped  cycles,  but  that  two  of  these  are  intra-uterine  instead  of  one 
intra-uterine  cycle  as  in  man.  In  other  words,  the  rat  is  born  in 
a  more  physiologically  adult  condition  than  the  human  being ,  and 
puberty  occurs  relatively  earlier. 

“It  is  not  improbable,”  says  Robertson,  “that  the  first  growth 
cycle  in  mammals  represents  the  course  of  an  autocatalytic  synthesis 
of  nuclear  material  (i.e.,  cell  division),  that  the  third  cycle  represents 
the  course  of  an  autocatalytic  synthesis  of  cytoplasm  (i.e.,  cell 


o  2  4  6  8 10 
Months 

(before  birth) 


Z 

Years 

(after  birth) 


FlG.  61. — Ante-  and  Post-Natal  Weight-Curve. 


enlargement),  and  that  the  second  cycle  represents  a  combination  of 
the  two.” 

(b)  The  Growth  of  the  Human  Body. 

We  shall  now  subject  the  data  regarding  the  growth  of  man  to 
similar  mathematical  analysis. 

We  have  just  seen  that  the  growth  curve  of  man  consists  of  three 
cycles,  two  extra-uterine  and  one  intra-uterine,  which  latter  is, 
however,  not  completed  at  birth. 

The  figures  of  the  British  Association  Anthropometric  Committee, 
as  well  as  those  of  Quetelet,  show  that  the  maximum  increase  in 
weight  in  the  second  cycle  (i.e.,  in  the  first  extra-uterine  cycle)  is 
greatest  between  the  fifth  and  sixth  years  (say  at  5 -5  years),  and  in 
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the  second  extra-uterine  cycle  between  the  sixteenth  and  seventeenth 
years  (say  at  16*5  years). 

Proceeding  in  a  similar  manner  as  in  the  case  of  the  rat  we  can 
compute  the  theoretical  weight  of  man  at  different  ages.  The 
following  table  compares  the  calculated  body  weight  at  various  ages 
between  05  year  and  20*5  years.  From  this  table  we  see  that  the 
agreement  is  perfect  except  in  the  earlier  years  (4  *5-7  *5). 


Age  in  Years. 

Body  Weight. 

Number  of 
Persons  Weighed. 

Observed. 

Calculated. 

0*5 

3-4 

3*4 

100 

T5 

•  •  • 

5*0 

•  •  • 

2*5 

7-1 

•  •  • 

3*5 

... 

9*8 

... 

4*5 

18-6 

13 

21 

5*5 

22*7 

16*5 

176 

6-5 

24-6 

20*1 

-  327 

7*5 

25*9 

23*35 

631 

8*5 

27-0 

26*2 

1,038 

9*5 

28*3 

28*4 

1,262 

10*5 

30*4 

30*4 

1,200 

11-5 

32*3 

32*2 

1,129 

12*5 

35*0 

34*0 

863 

15*5 

471 

44*8 

1,451 

20*5 

66-1 

65*4 

459 

Etc. 

Etc. 

Etc. 

Etc. 

1 

The  Pre-Natal  Growth  of  Man. 

In  order  to  determine  a  portion  of  the  pre-natal  growth  curve 
Robertson  obtained  the  weights  of  infants  from  healthy  mothers 
born  at  varying  periods  before  and  after  the  normal  period  of 
gestation,  which  he  showed  mathematically  to  be  282*5  days.  On 
drawing  the  curve  of  growth  during  the  first  post-natal  year  (from 
the  figures  given  in  the  table  on  p.  250),  we  see  at  once  that 
the  end  of  the  first  year  represents  approximately  the  conclusion  of 
a  sigmoid  or  S-shaped  curve. 

The  value  of  A  for  this  cycle  is  therefore  probably  about  334  oz. 

The  value  of  /2  in  the  equation  log  — — - —  =  K 

A  —  x 

value  of  /  when  a:  =  |A=H67.  This  is  the  point  of  inflexion  of  the 
curve,  when  from  being  convex  it  becomes  concave  to  the  time  axis. 


(/i  ~/2)  is  the 
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Weights  of  Healthy  Infants 


Age  in 
Months. 

Breast-Fed. 

Bottle-Fed. 

Number  of 

Average  Weight 

Number  of 

Average  Weight 

Infants. 

in  Oz. 

Infants. 

in  Oz. 

1 

20 

155 

5 

117 

2 

27 

187 

14 

141 

3 

30 

206 

11 

169 

4 

26 

224 

9 

193 

5 

24 

254 

9 

223 

6 

23 

270 

8 

292 

7 

25 

287 

3 

267 

8 

22 

300 

3 

329 

9 

20 

311 

8 

280 

10 

11 

326 

6 

298  ' 

11 

10 

333 

7 

322 

12 

6 

330 

5 

335 

In  order  to  find  t2  we  proceed  as  follows  : — 

From  the  table  we  see  that  the  weight,  167  oz.,  is  attained  by  the 
infant  between  the  first  and  second  month.  Let  y  —  fraction  of 
a  month  in  excess  of  one  at  which  this  point  of  inflexion  occurs, 
then — 


_ 167  - 155 
^  ~  187  -  155 


0-375 


t1  =  L375  months  (from  birth).  Knowing  tY  and  A,  as  well  as 
x  at  birth  =  127  oz.,  we  can  find  K  thus — 


T  .  127 

J°S  334  -  127 


=  -  K  -  1-375, 


giving  K  =  0-154. 

By  making  certain  corrections  into  which  we  need  not  enter 
here,  Robertson  finds  the  autocatalytic  equation  for  the  first  nine 
months  of  the  extra-uterine  life  of  South  Australian  male  infants 
to  be — 


Log 


x 


10 


341 '5  -  x 


=  0-136(/-  L66). 


For  female  infants  he  finds  the  equation  to  be 
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We  can  now  find  the  theoretical  weight  of  an  infant  at  any 
month  during  its  first  year  by  giving  t  the  values  0,  1,  2,  3,  and  4, 
etc.,  exactly  in  the  same  way  as  described  on  p.  246  in  the  case  of 
the  rat. 

The  following  table  shows  the  excellent  agreement  between  the 
observed  and  calculated  results  : — 


Age  of  Infant 
in  Months. 

Weight 

in  Oz. 

Observed. 

Calculated. 

0 

127 

127 

1 

155 

156 

2 

187 

180 

3 

206 

206 

4 

224 

230 

5 

254 

254 

6 

270 

273 

7 

287 

288 

8 

300 

301 

9 

311 

311 

10 

326 

319 

11 

333 

325 

12 

330 

330 

Now  since  the  mean  gestation  period  is,  as  we  have  seen, 
282-5  days, 


in  equation  log10 


T  =0-136  (/  —  1  *66)  t—  0  when  the 
34T5 -.r  v  ’ 


infant  has  lived  282-5  days  of  intra-uterine  life. 

Recollecting  that  t=  1  at  30  days,  we  find  that  an  infant  born, 
say,  at  260  days’  gestation,  has  been  delivered  22-5  days,  or  0-750 
month,  prior  to  the  period  defined  by  /  =  0  in  the  above  equation. 

Hence,  to  obtain  the  calculated  weight  of  an  infant  born  at 
260  days  (on  the  assumption  that  intra-uterine  growth  is  continued 
uninterruptedly  into  extra-uterine  growth),  we  must  insert  the  value 
t—  -  0*750,  and  calculate  from  the  equation 


Log,,,  „  ,  x_ - =  -0-1 36(0-750 +  L66) 

341-5  -  x 

the  corresponding  value  of  x. 

Proceeding  in  this  way  we  can  calculate  the  theoretical  weight 
which  a  foetus  ought  to  have  at  any  period  before  full  term. 

On  comparing  such  calculated  weights  with  observed  weights 
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of  prematurely  born  and  over-ripe  infants,  we  obtain  the  following 
table,  showing  the  excellent  agreement  between  the  observed  and 
calculated  weights  : — 


Period  of  Gestation 
in  Days. 

t. 

Weights  in  Oz. 

Difference. 

Observed. 

Calculated. 

260 

-0-75 

Ill 

110 

+  1 

270 

-0-42 

117 

117 

+  0 

280 

-0-08 

127 

126 

+  1 

282-5 

+  0-00 

127 

127 

+  0 

290 

+  0-25 

137 

134 

4-3 

300 

+  0-58 

145 

142 

+  3 

310 

+  0-92 

146 

151 

4 

-5 

Hence  it  follows  that  pre-natal  growth  proceeds  along  an  auto- 
catalytic  curve,  which  is  a  continuation  backwards  of  the  post-natal 
growth  curve.  “  It  appears  probable  that  the  cycle  of  growth  which 
is  determining  the  rate  of  development  at  birth,  and  during  the 
greater  part  of  the  first  year  of  extra-uterine  life,  is  merely  a  con¬ 
tinuation  of  a  cycle  which  begins  at  or  near  the  moment  of  actual 
conception,  very  probably  the  time  of  implantation  of  the 
embryo.” 

It  is  right  to  add  that  the  autocatalytic  theory  of  growth  has  not 
so  far  been  universally  accepted.  This  is,  however,  not  the  place  to 
go  into  the  criticisms  that  have  been  applied.  For  a  discussion  of 
these,  see  C.  M.  Child,  ‘‘Senescence  and  Rejuvenescence,”  Chicago, 
1915. 

Pre-Natal  Growth  in  Length. 

So  far  we  have  considered  growth  in  weight  or  in  bulk.  We 
must  now  say  a  few  words  regarding  the  growth  of  the  embryo  and 
foetus  in  length. 

His  1  gives  the  following  figures,  showing  the  average  lengths  of 
the  unborn  human  embryo  from  month  to  month  : — 

Months  -  0  1  234567  89  10  (at  birth) 

Length  in  mm.  0  7 '5  40  84  162  275  352  402  443  472  {500 

Increment  per  \Q  7#5  32-5  44  78  n3  77  5Q  41  29 

month  in  mm.  J  p2o 


1  “  Unsere  Korperform,”  Leipzig,  1874. 
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Russov  1  gives  the  stature  of  the  born  infant,  month  by  month, 
during  its  first  year  of  life,  as  follows  : — 

Months  -  -  0  1  2  3  4  5  6  7  8  9  10  11  12 

Length  in  cm.  (50)  54  58  60  62  64  65  66  67 ‘5  68  69  70*5  72 

Difference  in  cm.  0  4  4  2  '2  1  1  1*5  0'5  1  1*5  1*5 

If  we  draw  a  curve  of  growth  from  the  period  of  conception  to 
the  end  of  the  first  year  of  life,  we  find  that  the  curve  representing 
the  pre-natal  growth  links  on  with  that  representing  the  post-natal 
growth  (Fig.  62). 


FLonths 

Fig.  62. — Length  Curve  of  Foetus  and  Infant. 

Relative  Pre-Natal  Growth  of  Different  Organs. 

Jackson 2  published  a  series  of  observations  upon  the  growth 
of  the  human  foetus  and  of  its  different  organs  during  intra-uterine 
life.  He  comes  to  the  following  conclusions  : — 

1.  The  human  ovum  increases  more  than  10,000  times  in  size 
during  the  first  month — when  the  embryo  proper  attains  a  weight 
of  about  0*04  gm.  The  increase  for  succeeding  months  (/.<?.,  the 
relative  monthly  growth)  is  expressed  by  the  figures  74,  11,  1*75, 
0*82,  0*67,  0*5,  0*47,  0*45.  The  curve  for  absolute  growth  after  the 
first  month  he  finds  to  correspond  approximately  to  the  formula — 

Weight  =  (Ageindaysy 


1  See  Vierordt,  “  Anatomische,  etc.,  Daten  und  Tabellen,'’  1906,  p.  13. 

2  American  Journal  of  Anatomy,  ix.,  1909,  119. 
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Jackson’s  figures  are  as  follows  : — 

Months  -  0  1  2  3  4  5  6  7  8  9  10 

Weight  in  gm.  ’0  *04  3  36  120  330  600  1,000  1,500  2,200  3,200 

2.  The  head  attains  its  maximum  relative  size,  i.e .,  about  45 
per  cent,  of  the  total  body  weight,  during  the  second  month,  there¬ 
after  decreasing  to  about  26  per  cent,  at  birth. 

3.  The  trunk,  which  is  about  65  per  cent,  of  the  total  body 
weight  in  the  first  month,  decreases  to  about  40-45  per  cent,  in 
later  foetal  life. 

4.  The  extremities  gradually  increase  in  relative  size  from  the 
beginning — upper  extremity  at  birth  =  10  per  cent.;  lower  extremity 
at  birth  =  20  per  cent. 

5.  4"he  brain  curve  of  relative  growth  is  nearly  parallel  with  that 
of  the  head,  reaching  its  maximum  of  20  per  cent,  in  the  second 
month,  and  decreasing  thereafter  to  an  average  of  13-14  per  cent, 
at  birth. 

6.  The  spinal  cord  is  relatively  largest  in  first  month  (0’5  per 
cent.),  decreasing  to  about  0T5  per  cent,  at  birth. 

7.  The  curve  of  relative  growth  of  the  heart  is  similar  to  that 
of  the  spinal  cord  during  first,  second,  and  third  months,  remaining 
about  0'7  per  cent,  thereafter. 

8.  The  liver  increases  to  a  maximum  of  7 '5  per  cent,  during  the 
second  and  third  months,  and  remains  about  5-6  per  cent,  during 
the  remainder  of  the  foetal  period. 

9.  Lungs  reach  maximum  of  3 '3  per  cent,  in  the  fourth  month, 
decreasing  to  about  2  per  cent,  at  birth. 

10.  Spleen,  thymus,  and  thyroid  increase  regularly  from  the 
beginning,  reaching  0*4,  0-3,  and  042  per  cent,  at  birth  respectively. 

11.  Kidneys  reach  the  maximum  of  1  per  cent,  at  the  seventh 
month,  and  decrease  to  about  1‘05  per  cent,  at  birth. 

12.  Suprarenals  reach  the  maximum  of  045  per  cent,  in  the  third 
month,  and  decrease  to  about  0-24  per  cent,  at  birth. 

Cause  of  Growth. 

Having  dealt  with  the  mathematical  analysis  of  the  chemistry  of 
growth,  it  remains  to  be  said  that  not  only  does  growth  obviously 
depend  upon  the  assimilation  of  food  material,  but  it  also  depends 
upon  the  absorption  of  water.  Thus  Davenport  has  shown  that  the 
percentage  of  water  in  a  tadpole’s  body  increases  in  the  first  fortnight 
after  hatching  from  50  per  cent,  to  over  80  per  cent.  A  similar  high 
water  percentage  in  the  body  of  the  human  embryo  has  been  found 
by  Fehling,1  as  the  following  table  shows  : — 

1  Arch.  f.  Gyntik . ,  xi.,  1877. 
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Human  Embryo 


Age  in 
Weeks. 

Weight  in 
Gm.  (X). 

Increment, 

dx. 

Weekly 

Increment. 

Per  Cent, 
of  Water. 

6 

0-975 

97-5 

17 

36-5 

35-525 

3-23 

91-8 

22 

100-0 

63-5 

12-7 

92-0 

24 

242-0 

142-0 

71-0 

89-9 

26 

569-0 

327-0 

163-5 

86-4 

30 

924-0 

355-0 

88-75 

83-7 

39 

1640-0 

716-0 

79-56 

74-2 

The  Stimulus  that  Initiates  and  Controls  Embryonic  and  Foetal 
Growth. 

The  stimulus  which  starts  the  growth  of  the  child  must  obviously- 
come  either  from  the  ovum  or  from  the  mother.  The  following 
experiments  show  that  the  growth  stimulus  comes  from  the  fertilised 
ovum  itself.  When  all  connections  of  the  uterus  with  the  central 
nervous  system  are  served  in  a  pregnant  animal,  the  foetus  develops 
normally,  and  the  uterus  increases  in  size  to  a  corresponding  degree. 


CHAPTER  XIX 


THE  PHYSIOLOGY  OF  PREGNANCY 

“  Gestation  tests  the  integrity  of  every  structure  of  the  body.” 

R.  Barnes. 

During  pregnancy  the  function  of  practically  every  organ  in  the 
mother’s  body  is  modified  to  meet  the  new  demands  made  upon  it, 
and  the  extra  strain  thus  thrown  upon  the  system  will  soon  break 
the  weakest  link  in  the  chain.  We  have  already  discussed  in 
Chap.  IX.  the  metabolism  of  the  mother  in  relation  to  the  foetus. 
In  this  chapter  we  shall  briefly  consider  the  general  changes  that 
pregnancy  causes  in  the  various  organs  and  systems  of  the  mother’s 
body. 

BLOOD 

Corpuscles. — In  the  early  stages  the  reds  are  diminished  and  the 
whites  are  increased  in  number,  but  the  reds,  together  with  their 
contained  haemoglobin,  soon  increase.  The  leucocytosis  is  chiefly 
due  to  an  increase  in  the  polymorpho-nuclears,  but  also  to  an  increase 
in  the  myelocytes  coming  from  the  bone-marrow.  Dietrich1  attributes 
the  leucocytosis  to  a  reaction  on  the  part  of  the  mother  against  the 
toxins  of  pregnancy. 

Serum. — That  the  serum  of  a  pregnant  woman  contains  toxins  or 
alien  albumens  derived  from  the  ovum  is  shown  by  the  Abderhalden 
test  (see  p.  257).  Veit  and  others  believe  that  the  toxaemias  of 
pregnancy  are  due  to  the  fact  that  in  those  cases  the  blood  does  not 
contain  sufficient  antitoxin  to  neutralise  the  toxins,  and  Mayer 2 
recommends  in  such  cases  injections  of  the  serum  of  healthy 
pregnant  women  to  supply  the  deficient  antibodies  to  the  patient’s 
blood. 

Viscosity. — This  is  increased  on  account  of  the  polycythiemia. 

Alkalinity. — This  is  slightly  diminished. 

Depression  of  Freezing  Point  (A). — This  remains  the  same  as  in 
the  non-pregnant  state  (  -  0*55  to  —  0'59),  showing  that  the  percentage 
amount  of  solids  remains  unaltered. 

1  Arch,  f  Gyniik.,  xiv. ,  1911. 

2  Centralbl.  f.  Gyndk.,  35,  1911,  p.  1299. 
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Fibrin  and  Coagulability. — The  amount  of  fibrin  and  fibrinogen 
becomes  augmented  in  the  later  months  of  pregnancy,  and  may  be 
33  per  cent,  more  than  usual.  The  increased  coagulability,  caused 
by  this  excess  of  fibrin,  is  a  useful  provision  of  Nature  against 
dangerous  post-partum  haemorrhage.  The  susceptibility  of  pregnant 
women  to  thrombosis  of  veins  in  the  legs  and  pelvis  is  explained  by 
the  same  fact.  An  increase  in  the  number  of  platelets  also  con¬ 
tributes  to  the  augmented  coagulability. 

Quantity  of  Blood. — Zuntz1  has,  by  means  of  Haldane’s  CO 
method,  recently  confirmed  the  statement  of  Spiegelberg  and 
Gsheidlen,'2  as  ascertained  by  Welcker’s  method  in  pregnant  bitches, 
that  the  total  quantity  of  blood  is  increased  during  the  last  months 
of  pregnancy.  "This  extra  blood,  which  is  needed  by  the  foetus,  is 
accommodated  in  the  uterine  arteries  and  veins,  and  in  the  enlarged 
veins  of  the  lower  extremities,  and  constitutes  a  reserve  supply  upon 
which  the  mother  can  draw  to  make  good  the  loss  of  blood  at 
parturition.  This  explains  why  women  in  labour  can  stand  a  very 
considerable  loss  of  blood  (say  a  couple  of  pints)  without  any  ill 
effects. 


The  following  example  is  taken  from  an  actual  experiment  by  Zuntz  : — 
Weight  of  woman  one  clay  before  parturition  =  76  kg. 

Amount  of  CO  breathed  (at  N.T.  P. )  =  163 ’9  c.c. 

1  c.c.  of  her  blood  was  found  to  contain  0'0358  c.c.  of  CO. 

. '.  The  163*9  c.c.  of  CO  must  be  distributed  over  or  4,580  c.c.  of 

0  '(JoOo 


blood. 

This  represents  6*03  per  cent,  of  the  body  weight. 

The  same  woman,  three  weeks  after  parturition,  with  a  body  weight  of  69  kg., 
had  3,678  c.c.  of  blood,  which  represents  5*33  per  cent,  of  the  body  weight  (/.<?., 
approximately  that  found  by  Haldane  in  normal  individuals). 


The  blood  also  contains  an  excess  of  cholesterin 3 — a  fact  which 
helps  to  explain  the  special  susceptibility  of  parous  women  to  gall¬ 
stones — as  well  as  an  increased  amount  of  lipoids ,  which  renders  the 
Wassermann  test  less  valid  during  pregnancy. 


Abderhalden’s  Test  for  Pregnancy. 

In  Chap.  XII.  we  have  already  studied  the  phenomena  of  hoemo-  and  bacterio¬ 
lysis,  which  are  associated  with  the  presence  in  the  blood  of  certain  immunising 
bodies  called  forth  by  the  introduction  into  it  of  foreign  substances.  These 
immunising  bodies  are  specific,  i. e. ,  each  one  will  react  only  with  that  substance 
whose  introduction  caused  the  development  of  that  particular  protective  body. 
The  ovum  inside  the  uterus  throws  off  a  foreign  albumen,  which  causes  the  forma¬ 
tion  of  a  specific  antibody  or  ferment  capable  of  digesting  that  albumen.  Hence, 
if  we  can  demonstrate  the  presence  of  that  particular  ferment  in  the  blood  of  a 


1  7 


1  Cent)  albl.  f.  Gyndk .,  No.  39,  1911,  p.  1365. 

2  Arch.  f.  Gyndk.  iv. ,  113. 

3  Chaufifard,  11  Obstetrique,  May  1911. 
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woman,  we  may  reasonably  conclude  that  that  woman  is  pregnant.  Such  a  serum 
test  for  pregnancy  is  called  Abderh aided s  Test.  The  details  of  this  test  need  not 
detain  us  here  ;  suffice  it  to  say  that  it  is  carried  out  by  means  of  a  blood-free 
fresh  piece  of  human  placenta  coagulated  by  boiling.  This  is  covered  with  the 
pure  blood  serum  of  the  woman  to  be  tested,  and  is  dialysed  at  body  temperature 
for  sixteen  hours.  The  dialysate  is  then  tested  for  peptones  and  amino  acids  by 
means  of  ninhydrin1  or  the  biuret  test.  If  the  reaction  is  positive  [i.e. ,  a  blue 
colour  is  produced)  it  shows  that  a  specific  digesting  body  for  placenta  albumen  is 
present  in  the  blood,  and  the  woman  is,  therefore,  pregnant.  The  test  may  also 
be  carried  out  by  means  of  the  polarimeter  instead  of  the  chemical  reagents. 
Decomposition  of  the  peptone  is  indicated  by  a  change  in  the  optical  rotatory 
power  of  the  mixture. 

According  to  Abderhalden  this  reaction  appears  within  four  weeks  after  con¬ 
ception,  is  specific,  and  disappears  within  a  fortnight  after  delivery.  The  results 
of  other  workers  seem  to  show  that  although  a  positive  test  does  not  necessarily 
indicate  pregnancy,  a  negative  test  almost  certainly  excludes  it. 


The  Blood-Making  Organs. 

The  spleen,  together  with  all  the  lymphatic  glands  all  over  the 
body,  is  enlarged,  and  the  red  marrow  of  bone  becomes  increased 
in  extent  at  the  expense  of  the  yellow  or  fat  marrow  to  provide  the 
extra  amount  of  corpuscles. 

The  Ductless  Glands  or  Endocrine  Organs. 

These  show  marked  activity.  The  thyroid ,  parathyroid ,  and 
pituitary  body  are  enlarged.  The  hypertrophy  of  the  last  explains 
some  of  the  acromegalic  symptoms  sometimes  associated  with 
pregnancy,  viz.,  enlargement  of  bones,  changes  in  the  voice,  and  even 
the  occasional  occurrence  of  hemianopsia  as  the  result  of  pressure 
of  the  pituitary  on  the  optic  chiasma. 

The  Circulatory  System. 

Heart. — Theoretically  we  would  expect  the  heart  to  become 
hypertrophied  during  pregnancy,  because,  on  accountof  the  increased 
amount  of  blood,  as  well  as  its  increased  viscosity,  the  heart  has 
more  work  to  do  in  driving  it  round  the  body.  There  is  also  an 
extra  strain  thrown  upon  it  on  account  of  the  increased  abdominal 
tension  hindering  the  flow  of  blood  through  the  abdominal  vessels. 
This  theoretical  expectation  has  been  apparently  verified  clinically 
by  percussion  as  well. as  by  X-ray  examination,  but  both  the  in¬ 
creased  area  of  cardiac  dullness  as  well  as  the  horizontally  placed 
heart  sometimes  shown  by  the  X-rays,  may  be  due  rather  to  an 
elevation  of  the  diaphragm  due  to  the  growing  uterus  than  to  a 

real  hypertrophy.  Post-mortem  measurements  show  that  the  heart 

• 

is-  really  hypertrophied,  but  that  its  increased  weight  is  not  out  of 

1  The  ninhydrin  reaction  is  the  production  of  a  blue  colour,  when  amino 
acids,  especially  those  containing  an  a-amino  group,  are  heated  with  a  solution 
of  ninhydrin  (triketo-hydrinidine  hydrate). 
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proportion  to  the  increased  weight  of  the  body.1  The  extra  strain 
thrown  upon  the  heart  will  aggravate  any  existing  disorder  of  the 
organ. 

Blood  Pressure . — This  is  somewhat  increased  during  pregnancy, 
and  it  is  still  more  increased  during  labour  pains.  Slemons  and 
Goldsborough  2  give  the  following  table  : — 


Blood  Pressure. 

Cardiac 
Output 
P.P.  x  P.R. 
(Pulse  Pres¬ 
sure  x  Pulse 
Rate). 

Work  of  Heat 
( —  Mean  Pres, 
x  Pulse  Rate). 

Max. 

Min. 

Pulse 

Pres. 

(P.P.). 

Mean. 

Pres. 

(Min. 

+  *P.P.). 

Pulse 

Rate. 

Normal 

(Erlanger) 

no 

65 

45 

80 

72 

3,240 

259,000 

Pregnancy  - 

127 

74 

53 

91-6 

80-5 

3,325 

(Primip.) 

5,332 

(Multip.) 

Primip. 
195,000  to 
421,000 
Multip. 
421,000  to 
1,005,000 

Puerperium 

115 

72-5 

| 

47-5 

86-5 

70-5 

3,000 

Primip. 
290,000  to 
327,000 
Multip. 
156,000  to 
337,000 

The  Respiratory  System. 

Thorax. — The  elevation  of  the  diaphragm,  especially  in  pri mi- 
pane,  diminishes  the  vertical  diameter  of  the  thorax. 

The  vital  capacity  of  the  lungs,  however,  is  not  diminished, 
because  the  lateral  diameter  of  the  thorax  is  increased.  The 
number  of  respirations  is  increased  to  twenty-four  or  twenty-six  per 
minute,  and  the  amount  of  C0.2  excreted  is  also  greater  than  in 
the  non-pregnant  state. 

Nose. — The  turbinates  often  become  so  congested  as  to  cause 
nasal  obstruction,  and  may  account  for  the  deafness  and  tinnitus 
with  which  some  pregnant  women  are  affected.  The  disease  known 
as  otosclerosis  is  well  known  to  be  aggravated  by  pregnancy.  The 

1  Muller  and  Dreysel,  “  1  lerzhypertrophie  by  Schwangeren,”  etc.,  Munich, 
1901. 

2  Johns  Hopkins  Hosp.  Bull.,  Balt.,  xix.,  1908,  199. 
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close  connection  between  the  nasal  cavities  and  the  genitalia  is 
seen  from  the  fact  that  the  application  of  cocaine  to  the  turbinals 
sometimes  (according  to  some)  alleviates  painful  menstruation,  and 
also  castration  of  young  animals  is  said  to  interfere  with  the  develop¬ 
ment  of  that  part  of  the  nose.  The  old  saying  that  “  when  young 
people  have  the  nose-bleed  they  are  in  love  ”  also  expresses  this 
interconnection  (Stanley  Hall). 

Larynx. — This  is  somewhat  congested. 

The  Digestive  System. 

Secretion  of  Saliva  is  increased.  In  some  cases  the  amount  of 
saliva  is  so  great  that  it  keeps  on  dribbling  away  from  the  mouth. 
This  is  pathological. 

Teeth. — On  account  of  the  need  of  the  foetus  for  calcium,  the 
teeth  often  ache  and  undergo  decay. 

Stomach. — This  is  pushed  upward,  backward,  and  to  the  left,  and 
its  walls  become  congested.  The  amount  of  HC1  is  increased, 
causing  frequent  “  heartburn.”  The  vomiting  of  pregnancy  may  be 
due  partly  to  the  gastric  displacement  and  congestion,  and  partly  to 
the  nervous  connections  between  this  organ  and  the  uterus  (see 
p.  270). 

Liver. — This  organ  is  also  displaced  upwards,  and  its  glycogen 
content  is  diminished. 

Bile  is  present  in  greater  quantity,  and  is  more  viscid  on  account 
of  the  increased  destruction  of  red  cells.  The  circulation  of  the 
bile  is  also  impeded  by  the  kinking  of  the  bile  ducts  caused  by  the 
growing  uterus.  These  phenomena  explain  the  greater  suscepti¬ 
bility  of  pregnant  women  to  jaundice  (see  also  p.  257  above). 

The  Bones. — These  become  increasedly  vascular,  especially  in  the 
red  marrow.  There  is  a  loss  of  calcium  which  goes  to  supply  the 
demands  of  the  foetus  (see  p.  137).  Very  occasionally  the  absorption 
of  calcium  is  so  great  that  the  bones  actually  become  soft  and 
flexible,  a  disease  called  osteo-malacia.  The  pain  in  the  bones 
often  complained  of  during  pregnancy  may  be  due  to  a  mild  degree 
of  osteo-malacia.  That  the  absorption  of  calcium  is  due  to  some 
internal  secreiion  from  the  ovaries  is  proved  by  the  fact  that  removal 
of  the  ovaries  results  in  an  arrest  of  the  disease. 

Skin. — Pigmentation  of  the  skin  occurs  in  several  places,  the 
nipples,  the  abdomen,  the  vulva,  and  sometimes  the  face.  The 
cause  of  deposition  of  pigment  is  not  dearly  known,  although 
several  theories  have  been  put  forward  to  explain  it.  The  sweat 
and  sebaceous  glands  also  increase  in  activity. 

The  Nervous  System. — Pregnancy  has  a  profound  effect  upon 
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the  maternal  nervous  system.  Many  psychoses  (hysteria  and  melan¬ 
cholia)  and  neuralgias ,  as  well  as  disturbances  of  the  special  senses 
(hemianopsia,  tinnitus,  amaurosis,  etc.),  are  not  uncommon.  The 
reflexes  are  exaggerated,  so  that  the  knee-jerks  are  brisker,  and 
ankle  clonus  may  be  present.  The  vomiting  of  pregnancy  is 
probably  due  to  the  close  nervous  interconnection  between  the 
solar  and  genital  plexuses,  as  well  as  to  the  increased  nervous  excit¬ 
ability. 

The  Biological  Connection  between  Mother  and  Foetus. 

A  question  which  is  of  more  than  academic  interest  is  the 
following  :  “ Does  the  foetus  live  in  a  state  of  symbiosis  with ,  or  as  a 
parasite  on ,  its  mother  ?”  In  other  words,  do  the  two  organisms  live 
in  a  state  of  partnership,  each  benefiting  from  its  association  with 
the  other,  or  does  the  unborn  infant  develop  as  the  result  of  the 
destruction  of  some  of  its  mother-tissues  without  giving  anything  use¬ 
ful  in  return  ?  The  question  is  one  upon  which  opinions  are  divided. 
We  have  already  seen  in  Chap.  IX.  that  the  researches  of  Hagemann, 
Jagernoos,  Ver  Eeke,  as  well  as  Bar  and  Dauney,  point  to  the  fact 
that  in  some  cases  at  least  there  is  not  only  no  destruction  of 
maternal  tissue  during  pregnancy,  but  that  there  is  actually  a  retention 
of  nitrogen  by  the  mother.  Bar  carried  out  numerous  researches  on 
the  subject  of  metabolism  during  pregnancy  on  women  as  well  as 
on  animals.  The  following  is  a  summary  of  his  results1 : — 

1.  The  maternal  f cecal  nitrogen,  both  in  women  and  in  animals, 
is  reduced  in  amount,  because  the  mother  is  able  to  absorb  more 
nitrogen  from  her  food. 

2.  The  amount  of  7iitrogen  and  phosphorus  retained  by  the 
mother,  as  ascertained  by  urinary  examination,  is,  under  comparable 
conditions,  greater  during  pregnancy  than  during  the  non-pregnant 
state.  This,  of  course,  is  what  one  might  expect,  but  he  also  found 
that  the  quantity  retained  was  often  more  than  was  required  to  build 
up  the  foetus,  suggesting  that  there  is  actually  a  larger  construction 
of  new  maternal  tissue. 

3.  Iron  and  Sulphur . — The  foetus  requires  a  large  amount  of  these 
substances  during  the  last  three  months.  The  iron  is  derived 
directly  from  the  maternal  blood.  To  provide  these  elements  the 
mother  takes  more  of  them  in  her  food,  and  the  activity  of  her 
blood-forming  organs  is  increased,  thus  converting  her  reserve  iron 
into  haemoglobin.  (That  women  suffering  from  anaemia  often 
improve  during  pregnancy  is  a  well-known  clinical  fact.) 

4.  In  the  case  of  lime  he  found  that  there  was  a  loss  from  the 

1  Paul  Bar,  “  Lemons  de  Pathologie  Obstetricale,”  ii.,  Paris,  1907. 
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mother  to  the  foetus,  unless  the  mother  receives  a  diet  specially  rich 
in  lime. 

Bar  comes  to  the  following  conclusions  : — 

(1)  In  a  healthy  mother,  living  under  normal  conditions  and 
receiving  a  sufficient  diet,  pregnancy  with  a  healthy  foetus  is  not  a 
“  period  of  self-sacrifice.” 

(2)  The  association  between  mother  and  foetus  may  best  be 
described  as  one  of  “  harmonious  symbiosis,”  in  which  the  mother 
often  derives  benefit  from  the  foetus. 

(3)  The  modifications  in  the  maternal  nutrition,  brought  about 
by  the  presence  of  the  foetus,  are  manifestations  of  a  special  physio¬ 
logical  state  in  which  the  maternal  organism  adapts  itself,  without 
injury  to  itself,  to  the  requirements  of  the  foetus. 

(4)  These  happy  conditions  are  only  realised  when  there  is  a 
foetus  sanus  in  matre  sana.  When  this  condition  does  not  prevail, 
or  when  the  mother’s  diet  is  not  satisfactory,  this  special  metabolism 
is  disturbed,  with  disastrous  results  to  the  mother  as  well  as  to  the 
foetus. 

The  importance  of  these  investigations  lies  in  the  fact  that  they 
point  the  way  to  an  effort  at  the  determination  of  the  exact  conditions 
(so  far  unknown)  which  lead  to  a  deviation  from  the  normal,  of  the 
mother’s  metabolism,  with  the  object  of  being  able  to  prevent  such 
serious  “  complications  ”  of  pregnancy  as  pernicious  vomiting 
(hyperemesis  gravidarum),  eclampsia,  albuminuria,  etc. 

In  support  of  Bar’s  view  that  pregnancy  is  a  condition  of 
symbiosis  between  mother  and  foetus,  we  may  repeat  the  following 
facts  which  have  already  been  mentioned  in  other  parts  of  this  book : — 

1.  During  asphyxia  of  the  mother,  the  foetus  sends  oxygen  to  the 
maternal  blood. 

2.  There  is  a  reciprocity  between  the  internal  secretions  of  the 
foetus  and  those  of  the  mother,  so  that  lack  of  maternal  autacoids  is 
in  some  cases  made  good  by  the  foetus. 

On  the  other  hand,  according  to  many  authorities,  pregnancy  is 
not  a  symbiosis  but  a  parasitic  toxcemia ,  the  result  of  the  transfer  to 
the  maternal  blood  of  waste  products  from  the  foetus.  This  view  is 
based  on  the  following  considerations  : — 

1.  The  urine  of  a  pregnant  woman  is,  according  to  the  observa¬ 
tions  of  Bouchard 1  and  his  pupil,  Riviere,2  less  toxic  than  that  of  a 
non-pregnant  woman,  so  that  the  “  urotoxic  dose,”  /.<?.,  the  quantity 
of  urine  required  to  be  injected  into  the  circulation  of  a  guinea-pig 
in  order  to  kill  it,  is  greater  in  the  case  of  a  pregnant  woman  than  is 

1  “  Lecons  sur  les  auto-intoxication,”  1887. 

-  “  Auto-intoxication  eclamptique,”  Paris,  1888. 
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the  case  with  urine  of  a  non-pregnant  woman.  This,  if  true,  would 
point  to  the  retention  of  toxins  in  the  blood  of  the  pregnant  woman. 
Many  other  authorities,  however,  like  Volhard,  Schumacher,  and 
Stewart,1  failed  to  confirm  these  results. 

2.  The  presence  of  placental  antibodies  in  the  maternal  blood 
(see  Abderhalden’s  test)  shows  that  the  blood  of  a  pregnant  woman 
contains  a  toxic  substance,  which  is  derived  from  the  foetal  elements 
of  the  placenta,  although  the  blood  of  the  foetus  itself  contains  no 
toxic  substance.  So  long  as  the  defensive  mechanism  of  the  mother 
(liver,  kidneys,  skin,  etc.)  is  in  proper  working  order,  the  mother 
suffers  no  ill  effects.  Such  ill  effects  arise,  however,  when  the 
defensive  mechanism  breaks  dowm.  These  ill  results  are  hyperemesis 
gravidarum  (pernicious  vomiting),  eclampsia,  etc.  Mayer,  indeed, 
recently  treated  cases  of  hyperemesis  with  injection  of  serum  of 
healthy  pregnant  women,  with  the  object  of  supplying  the  requisite 
antibodies  to  the  patient’s  blood.2 

3.  Fieux  and  Mauriac 3  have  described  a  complement  fixation  test 
for  pregnancy,  showing  that  the  serum  in  pregnancy  presents  the 
characters  of  a  condition  of  immunity  similar  to  that  which  is  found 
in  recovery  from  bacterial  infection.  The  conclusions  of  these 
authors  are  that — 

1.  At  the  beginning  of  pregnancy,  the  maternal  blood  contains  a 
specific  antibody  to  young  chorionic  villi. 

2.  This  antibody  is  especially  detectable  during  the  second  and 
third  months. 

Vayssiere,4  in  a  recent  thesis,  comes  to  similar  conclusions. 

1  See  Am.  J.  Obst.,  44,  1901,  p.  506. 

2  Centralbl.  f  Gyndk .,  35,  1911,  p.  1299. 

3  Ann.  de  Gynec.  et  d’  Obstetr.,  ix.,  1912,  p.  257. 

4  “  Deviation  du  complement  et  Grossesse,”  Montpellier,  1912. 
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THE  PHYSIOLOGY  OF  BIRTH 

“We  are  able  to  observe  in  how  great  a  degree  the  foetus  contributes  to  delivery 
not  only  in  birds  which,  as  I  have  said  above,  break  through  the  shell  by  their 
own  powers,  but  also  in  many  other  animals.  .  .  . 

“It  is  a  truly  wonderful  thing  that  the  little  point  of  a  sprouting  germ,  say 
of  the  almond  or  another  fruit,  should  break  the  shell  which  a  hammer  can 
scarcely  crush  ;  or  that  the  tender  fibres  of  the  ivy  root  should  penetrate  the 
narrow  chinks  of  the  stone,  and  at  length  cause  rents  in  mighty  walls.  But  it 
does  not  appear  so  marvellous  that  the  parts  of  a  woman  when  distended  by 
labour  should  recover  their  natural  firmness.  ...” 

Harvey,  on  “Parturition.” 

The  phenomena  in  connection  with  the  birth  of  the  child  are 
matters  which  are  of  interest  to  the  obstetrician  rather  than  to  the 
student  of  physiology,  but  there  are  one  or  two  points  which  claim 
our  attention  in  this  book. 

Cause  of  Labour. — The  theories  that  have  been  proposed  to 
explain  the  onset  of  labour,  just  at  the  time  when  the  child  is 
sufficiently  developed  to  carry  on  an  extra-uterine  existence  but  is 
not  too  large  to  pass  safely  through  the  maternal  passages,  are  many 
and  various,  and  are  discussed  in  books  on  midwifery.  Here  we 
shall  mention  only  one  which  is  of  a  more  or  less  physiological 
nature,  and  which  has  the  greatest  semblance  of  plausibility. 

Sauerbach  and  Van  der  Heide,  experimenting  with  rats,  have 
shown  that  during  the  later  weeks  of  pregnancy  certain  substances 
appear  in  the  maternal  blood  which  cause  disease  in  non-pregnant 
animals.  These  substances  may  provoke  labour.  Indeed,  Van  der 
Heide 1  injected  foetal  blood  serum  into  pregnant  women  at  term,  and 
succeeded  in  bringing  on  labour  pains,  but  Kolmer2  was  unable  to 
confirm  this. 

The  Effect  of  Internal  Secretions  upon  the  Activity  of  the  Uterus. 

1.  Extract  of  Placenta . — When  this  is  injected  into  the  extirpated 
uterus  of  an  animal  kept  in  Ringer’s  solution,  it  causes  the  uterus  to 
contract. 

2.  Extract  of  Corpus  Luteum. — The  importance  of  this  body  from 

1  Journ.  Avier.  Mea.  Assoc,,  1911,  p.  1090. 

2  Journ.  Med.  Research ,  xxix. ,  1914,  No.  3,  p.  308. 
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the  point  of  view  of  implantation  of  the  ovum  is  well  known  (see 
p.  45).  Extirpation  of  the  corpus  luteum  brings  about  abortion. 
The  relation  between  the  corpus  luteum  and  menstruation  has  also 
been  studied  by  Fraenkel  at  Born’s  suggestion.1  Ferroni2  has  shown 
that  the  corpus  luteum  produces  an  autacoid  which  surpasses  in 
toxicity  all  other  internal  secretions.  Injection  of  the  extract  under 
the  skin  of  a  frog  causes  paralysis  of  the  limbs,  embarrassment  of 
breathing,  and  slowing  of  the  heart,  and  in  larger  doses,  death. 
Guggisberg  J  injected  extracts  of  this  body  into  the  extirpated  uterus, 
and  obtained  evidence  of  the  presence  of  a  hormone  as  well  as  a 
chalone,  since  in  some  cases  he  obtained  increased  contraction  and 
in  others  relaxation  of  the  uterus. 

3.  Thymus  Extract  has  very  little  effect. 

4.  Extract  of  Thyroid. — We  have  seen  that  this  gland  hyper¬ 
trophies  during  pregnancy,  and  therefore  an  examination  of  the  effect 
of  its  secretion  upon  the  uterus  is  of  great  interest,  since  we  know 
that  although  the  thyroid  increases  metabolic  activity,  the  metabolism 
is  not  increased  during  pregnancy.  Guggisberg  confirms  the  result 
previously  found  by  Kehrer,  that  the  thyroid  increases  uterine 
contractions. 

5.  Extract  of  the  Gravid  Uterus. — This  also  has  been  found  by 
Guggisberg  to  cause  uterine  contractions,  although  extracts  of  non- 
gravid  uteri  had  no  effect.  This  suggests  that  during  pregnancy 
substances  are  formed  in  the  uterus  which  help  to  bring  about  the 
onset  of  labour. 

6.  Serum. — As  the  internal  secretions  are  conveyed  to  the 
uterus  by  the  blood  one  ought  to  expect  that  the  blood  of  the 
pregnant  animal  contains  substances  which  cause  uterine  contrac¬ 
tions.  Guggisberg  injected  serum  of  non-gravid,  gravid,  and 
parturient  animals,  but  could  not  satisfy  himself  that  there  was  any 
difference  in  their  actions. 

Power  of  Uterine  Contractions. 

Matthews  Duncan  found  that  the  force  required  to  rupture  the 
membranes  varied  greatly.  Schatz 4  placed  a  rubber  bag  half  filled 
with  water  into  the  uterus,  and  connected  it  externally  with  a 
manometer — calling  the  apparatus  a  Toko  dynamometer.  He  found 
that  in  the  beginning  of  a  pain  the  intra-uterine  pressure  became 
17-55  lbs.,  and  during  the  height  of  the  pain,  when  the  force  of  the 

1  Arch.  f.  Gyndk .,  lxviii.,  1903. 

2  Ibid.,  ii.,  1910. 

"  Zeitschr.  f.  Geburtsh.  u.  Gyndk.,  75,  1914,  231. 

4  A) r h .  f  Gyndk.,  i i i . 
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abdominal  muscles  was  added,  this  pressure  was  doubled.  Williams  1 
found  that  a  force  of  about  50  lbs.  was  necessary  to  restrain  the  head 
of  the  child  from  emerging  through  the  vulva.  Vierordt2  gives  the 
work  of  a  pain  as  equal  to  about  9  kg.-metres  (/.<?.,  about  65  ft.-lbs.). 

The  Effect  of  Labour  on  the  Child. 

At  the  beginning  of  a  uterine  contraction  the  foetal  heart  begins 
to  beat  faster;  during  the  height  of  the  pain  it  is  slow  ;  as  the  pain 
passes  off  its  rate  is  again  increased,  and  then  gradually  slows  down 
to  normal.  The  cause  of  this  variation  is  not  definitely  known. 
According  to  Schultze,  the  contractions  of  the  placental  site  produce 
an  increasedly  venous  foetal  blood  which  stimulates  the  vagus. 
Kehrer  believes  that  vagus  irritation  is  produced  by  compression 
of  the  skull.  Schwartz  showed  that  compression  of  the  skull  with 
the  fingers  in  new-born  rabbits  causes  a  retardation  of  the  cardiac 
rhythm,  and  Kehrer  found  that  this  slowing  does  not  occur  after 
section  of  the  vagus  (see  Chap.  XI.,  p.  160). 

Another  theory  is  that  during  a  pain  the  foetus  can  be  compared 
to  a  man  working  in  a  caisson  ;  and  the  heart  is  slowed  on  account 
of  the  general  intra-uterine  pressure  (although  pressure  equally  applied 
to  the  body  in  caisson  has  no  effect  per  se).  (Leonard  Hill.) 

Plastic  Changes  in  the  Foetus  as  the  Result  of  Labour. 

These  consist  in  the  moulding  of  the  head  and  trunk  by  the 
parturient  canal,  and  are  dealt  with  at  length  in  books  on  obstetrics 
(see  also  Chap.  XXI.,  p.  273). 

Effects  of  Labour  upon  the  Mother. 

The  Circulation. — The  pulse  rate  is  increased  during  the  pains, 
and  the  arterial  tension  is  raised  by  5-10  mm.  The  blood  shows  a 
marked  leucocytosis — chiefly  in  the  polymorpho-nuclears — and  the 
eosinophiles  are  diminished.  The  electro-cardiograph  shows  that 
the  heart  does  more  work  during  labour. 

Respiration. — There  is  an  increased  output  of  CCX,  during  labour, 
and  the  rate  of  respiration  is  increased.  These  facts,  together  with 
the  increased  perspiration  and  the  greater  exposure  of  the  woman, 
tend  to  keep  down  the  woman’s  temperature  which  would  otherwise 
rise  on  account  of  the  increased  muscular  exertion. 

The  Nerve  Supply  of  the  Uterus  comes  from  both  the  sympathetic 
and  cerebro-spinal  systems. 

1  “Obstetrics,”  Lond.,  1904. 

2  “  Daten  und  Tabellen,”  p.  516. 
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(A)  Motor. 

(a)  Sympathetic. — These  motor  fibres  are  derived  from  the  aortic 
plexus,  solar,  renal,  and  genital  ganglia. 

(p)  Cerebrospinal. — These  fibres  come  from  the  pneumogastric, 
phrenic,  and  splanchnic  nerves.  The  nervous  connections  between 
the  uterus,  stomach,  and  heart  may  explain  the  reflex  phenomena 
intercurrent  between  these  organs. 

(B)  Sensory. 

The  sensory  fibres  come  from  the  spinal  cord  through  the  sacral 
nerves,  and  hence  in  paraplegic  patients  labour  is  painless,  and  the 
same  is  the  case  in  healthy  women  if  cocaine  is  injected  into  the 
spinal  canal  rendering  the  region,  supplied  by  the  cauda,  anaesthetic. 

(C)  Nerve  Centres. 

There  are  probably  several  centres  for  uterine  contractions 
situated  in  the  cortex,  medulla,  cerebellum,  and  lumbar  enlargements, 
since  stimulation  of  these  points  causes  uterine  contractions.  There 
must  also  be  a  nerve  centre  inside  the  uterus  itself,  since  delivery  may 
occur  even  after  experimental  division  of  all  the  nerves  connecting 
this  organ  with  the  central  nervous  system,  and  the  organ  contracts 
even  when  removed  from  the  body.  Moreover,  in  cases  of  paraplegia, 
labour  may  not  only  be  normal  (apart  from  the  absence  of  help  of 
the  abdominal  muscles)  but  even  precipitate. 
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CHAPTER  XXI 


THE  PHYSIOLOGY  OF  THE  NEO  NATAL  PERIOD 

“At  birth  the  child  is  cast  like  a  shipwrecked  mariner  by  angry  waves  on  a 
strange  and  unknown  coast,  and  finds  itself  in  a  new  and  rigorous  climate. 
Instead  of  the  conditions  of  fluid  pressure  equal  on  all  sides,  it  is  now  in  a 
stereometric  world.  Its  nascent  senses  are  assailed  by  new  stimuli ;  the  ali¬ 
mentary  canal  now  comes  into  full  function  ;  the  lungs  are  first  inflated  with  a 
gasp.  .  .  .  It  is  not  strange,  therefore,  that  the  new-born  child  rarely  gains,  and 
often  loses  weight  during  the  first  few  days.  .  .  .  Indeed,  with  all  these  profound 
readjustments,  the  marvel  is  that  the  loss  is  not  greater.” 

G.  Stanley  Hall,  “  Adolescence,”  p.  5. 

The  neo-natal  or  transitional  period  consists  of  the  first  four  weeks 
after  birth  during  which  the  child  recovers  from  the  traumatic 
changes  gone  through  during  parturition,  and  adjusts  itself  to  its 
new  extra-uterine  surroundings.  The  traumatism  of  birth  is  a 
subject  which  is  dealt  with  at  length  in  books  on  obstetrics ;  here 
it  will  be  sufficient  to  say  that  such  traumatic  changes  consist  of  the 
effects  of  pressure  of  the  pelvic  passages  upon  the  head  and  trunk 
of  the  fcetus,  resulting  in  a  moulding  of  these  parts,  but  especially 
of  the  head.  If  the  head  of  a  child  born  in  the  natural  way  be 
compared  with  that  of  one  delivered  by  Caesarean  section,  or  with 
a  frozen  section  of  a  fcetus  lying  inside  the  uterus  of  a  woman  who 
died  towards  the  end  of  pregnancy,  or  with  an  X-ray  photograph  of  a 
ripe  foetus  in  utero ,  it  is  seen  at  once  that  the  relationships  between 
the  various  “  obstetric  ”  diameters,  viz.,  sub-occipito-frontal,  vertico- 
mental,  etc.,  are  different  in  the  two  cases.  Indeed,  the  character 
and  degree  of  moulding  of  the  head  gives  the  accoucheur  accurate 
information  both  as  regards  the  position  and  presentation  of  the 
child  as  well  as  regards  the  ease  or  difficulty  with  which  the  foetus 
passed  through  the  parturient  canal.  During  the  neo-natal  period 
the  moulded  head  gradually  assumes  its  normal  shape.  Further, 
immediately  after  birth  certain  revolutionary,  as  well  as  evolutionary, 
changes  occur  in  the  child’s  vital  economy.  The  revolutionary 
changes  consist  of  the  sudden  cessation  of  the  pre-natal  or  placental 
respiration,  and  equally  sudden  assumption  of  the  post-natal  or 
pulmonary  type  of  breathing.  The  changes  of  a  more  evolutionary 
character  are  those  which  result  from  the  sudden  transition  from 
the  one  into  the  other  type  of  breathing,  viz.,  the  gradual  oblitera- 
18  373 
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tion  of  the  umbilical  vein  and  arteries,  of  the  ducti  arteriosus  and 
venosus,  and  of  the  foramen  ovale  of  the  heart,  as  well  as  those 
consequent  upon  exposure  to  a  changed  environment  both  as 
regards  nutrition,  bacteria  (hostile  and  otherwise),  and  external 
temperature.  These  changes  consist  of  a  loss  of  weight  during  the 
first  few  days,  as  well  as  an  increased  functional  activity  of  the 
digestive  secretory  apparatus.  We  shall  consider  the  physiology 
of  all  these  phenomena  one  by  one. 


SECTION  I 

The  Cause  of  the  First  Breath. 

The  problem  how  the  infant  at  birth  passes  from  a  state  of 
apncea  to  one  of  respiratory  activity  is  one  which  has  occupied  the 
minds  of  philosophers  during  the  last  couple  of  thousand  years. 
The  ancient  Hebrews  interpreted  the  first  cry  as  a  sign  of  grief  at 
having  to  come  from  a  place  of  repose  into  a  world  full  of  trouble.1 
Shakespeare  makes  King  Lear  satirically  say  that — 

“  When  we  are  born,  we  cry  that  wre  are  come 
To  this  great  stage  of  fools.”2 

The  really  scientific  investigation  of  the  problem  dates  from  181 2, 
when  Legallois  made  the  discovery  of  the  respiratory  centre  in  the 
medulla  oblongata.  Since  that  time  several  theories  have  been  put 
forward  to  explain  the  mode  of  transition  from  the  pre-natal  to  the 
post-natal  kind  of  breathing.  These  theories  may  be  classified  as 
follows  : — 

1.  Stimulation  of  the  respiratory  centre  by  means  of  sensory 
impulses  reaching  it  from  the  skin ,  these  impulses  being  either  tactile 
or  thermal.  But  this  alone  cannot  be  the  cause  for  the  following 
reasons  : — 

(a)  Palpation  of  the  foetus  through  the  maternal  abdomen,  or 
even  such  powerful  direct  tactile  stimulation  as  internal  version, 
applications  of  forceps  or  the  other  intra-uterine  manipulations  in 
the  course  of  a  difficult  labour,  do  not — except  in  very  rare  cases, 
when  the  foetus  is  partially  asphyxiated — cause  it  to  breathe  while 
still  inside  the  uterus.  (For  vagitus  uterinus,  see  p.  207.) 

(b)  Different  climates,  such  as  the  tropics  or  arctic  regions,  make 
no  difference  regarding  the  readiness  with  which  the  infant  takes  its 
first  breath. 

1  See  W.  M.  Feldman,  “The  Jewish  Child,”  London,  1917,  p.  148. 

2  Act  iv.,  Sc.  vi. 
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(e)  Occasionally  an  infant  is  born  completely  enclosed  in  the 
amniotic  cavity,  and  is  thus  protected  from  all  tactile  or  thermal 
stimulation,  and  yet  it  begins  to  breathe  at  the  proper  time. 

{d)  Ahlfeld  delivered  several  children  into  a  saline  bath  of  the 
same  temperature  as  the  mother’s  body,  but  he  found  that  respira¬ 
tion  began  as  usual. 

(e)  Sometimes  the  infant  will  begin  to  breathe  when  only  the 
head  has  been  born. 

(/)  Occasionally  an  interval  of  a  couple  of  minutes  elapses 
before  the  infant  begins  to  breathe,  in  spite  of  its  exposure  to 
external  stimuli. 

2.  Stimulation  of  the  Respiratory  Centre  by  an  Altered  Condition 
of  the  Blood  (viz.,  either  diminution  of  oxygen,  or  increased  amount 
of  C0.2,  or  both),  occurring  as  the  result  of  separation  of  the  placenta. 
That  increased  venosity  of  blood  will  stimulate  the  respiratory  centre 
we  have  already  seen  in  Chap.  X.  Moreover,  even  as  early  as  the 
sixteenth  century,  Vesalius  observed  that  disturbance  of  the  placental 
circulation  in  an  animal  foetus  brought  about  definite  respiratory 
movements  in  the  foetus,  as  shown  by  the  dilatation  of  the  alae  nasi, 
and  movement  of  the  jaw  and  thorax,  with  inspiration  of  the  liquor 
amnii.  The  presence  of  the  latter  in  the  bronchi  has  been  demon¬ 
strated  post  mortem  by  the  microscopic  finding  of  lanugo  hairs  and 
other  constituents  of  the  liquor  amnii,  as  well  as  by  the  fact  that  if 
some  colouring  fluid,  such  as  a  solution  of  fuchsin,  is  first  injected 
into  the  liquor  amnii,  the  bronchi  become  stained  red.  But  increased 
venosity  of  blood  will,  alone,  not  explain  it,  since  we  know  that, 
towards  the  end  of  pregnancy,  there  is  a  progressive  narrowing  of  the 
ducti  arteriosus  and  venosus,  giving  rise  to  a  gradual  deoxidation 
and  hypercarbonisation  of  the  blood,  which  bathes  the  foetal 
respiratory  centre,  and  yet  such  venosity  is  not  sufficient  to  excite 
the  centre. 

3.  The  most  probable  theory  is  that  of  Schwartz,  which  is  a 
combination  of  the  other  two.  He  assumes  that  the  foetal  respiratory 
centre  becomes  more  and  more  irritable  in  the  later  months  of 
pregnancy,  as  the  result  of  the  increased  venosity  of  the  blood,  which 
reaches  it  owing  to  the  gradual  narrowing  of  the  ductus  arteriosus. 
During  labour,  this  partial  asphyxia  is  increased,  by  the  commence¬ 
ment  of  separation  of  the  placenta,  or  by  the  cutting  off  of  its  blood 
supply  by  the  uterine  compression  of  the  placental  site.  As  a  result 
of  this,  the  foetus  passes  from  a  condition  of  apnoea  to  one  of 
dyspnoea,  the  respiratory  centre  becomes  less  torpid,  is  irritated  by 
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cutaneous  stimuli,  and  respiration  begins.  The  points  in  favour  of 
this  theory  are  the  following  : — 

(a)  An  infant  rapidly  delivered  by  Caesarean  section  may  come 
into  the  world  with  a  plentiful  supply  of  oxygen  ;  such  an  infant  may 
remain  in  a  state  of  apnoea  for  a  few  minutes  before  its  respiratory 
centre  becomes  sufficiently  irritable  to  act. 

(A)  A  slightly  asphyxiated  child  soon  begins  to  breathe  if  cold  or 
another  external  stimulus,  such  as  slapping  or  friction,  be  applied  to  it. 

The  Need  of  the  New-born  for  Oxygen. 

Experiments  by  Buffon,  Brown-Sequard,  W.  Edwards,  Kehrer, 
and  others  have  shown  that  the  respiratory  requirements  of  new-born 
animals  are  comparatively  slight,  so  that  pups,  for  instance,  can  be 
delivered  into  and  kept  submerged  in  a  basin  of  water  (after 
separation  from  the  mother  animal)  for  as  long  as  half  an  hour 
without  their  being,  necessarily,  fatally  asphyxiated.  In  the  case  of 
the  human  infant,  it  is  a  common  obstetric  experience  that  the 
infant  can  be  made  to  breathe  after  10-15  min.  asphyxia  (see 
(a)  above). 

According  to  Brown-Sequard,  while  removal  of  the  medulla 
oblongata  in  adult  dogs,  rabbits,  etc.,  will  kill  them  in  3-3 A  min.,  a 
similar  operation  on  the  new-born  of  such  animals  will  not  cause 
their  death  for  30-46  min.  Bert  has  shown  that  the  ability  to 
dispense  temporarily  with  oxygen  diminishes  rapidly  after  birth. 


SECTION  II 

Loss  of  Weight  of  the  New-born  Infant. 

During  the  first  few  days  after  birth  there  is  normally  a  con¬ 
siderable  loss  in  the  infant’s  body  weight,  a  phenomenon  to  which 
attention  was  first  drawn  by  Burdach  and  Chaussier  a  century  ago. 
In  animals  it  was  said  that  there  is  no  such  loss,  but  Sadofsky,  among 
others,  found  a  constant  loss  in  all  animals  examined.  Authorities 
differ  as  regards  the  degree,  the  duration,  as  well  as  the  cause  of  such 
loss.  The  majority  of  French  authors,  such  as  Budin  and  others, 
give  the  average  loss  as  150-200  gm.  (/.<?.,  about  5-7  oz.).  German 
and  Russian  authorities  estimate  the  loss  at  between  220  and  300 
gm.  (7J-10  oz.).  Czerny  and  Keller  give  700  gm.  (14  lbs.)  as  the 
extreme.  The  average  duration  of  the  loss  in  weight  is  three  to  four 
days,  the  exact  length  of  time  depending  upon  the  establishment,  in 
the  mother,  of  a  milk  supply  sufficient  to  give  the  infant  its  necessary 
nourishment. 
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Causes  of  Loss. 

The  factors  causing  the  loss  of  weight  in  the  new-born  infant 
are :  — 

(a)  Mechanical . 

(h)  Physiological. 

(a)  Mechanical  Causes. — Soon  after  birth  the  infant  passes 
urine  and  meconium.  But  this  combined  loss  is  not  compensated 
for  by  the  ingestion  of  food,  as  the  amount  of  colostrum  or 
milk  secreted  by  the  mother  is  very  low  during  the  first  couple  of 
days. 

Sadofsky  1  gives  the  following  figures  : — 


Days. 

Amount  of  Milk  In¬ 
gested  in  Twenty-four 
Hours  (in  Gm.). 

Infant’s  Gain  or  Loss  in 
Weight  in  Gm. 

Meconium  and 
Urine  in  Gm. 

Fed  by 
Mother. 

Fed  by 
Wet-Nurse. 

Fed  by 
Mother. 

Fed  by 
Nurse. 

Fed  by 
Mother. 

Fed  by 
Nurse. 

1 

0-9 

37-99 

-  79to  -  174 

-  50 to  -  161 

33-51 

37-119 

2 

4-49 

130-201 

-  86  „  -  130 

+  16  „  -  49 

30-82 

53-127 

3 

32-106 

81-264 

-  13  „  -  36 

+  32  „  +  57 

22-59 

0-128 

From  these  figures  we  learn  : — 

1.  That  mechanical  loss  alone  will  not  account  for  the  infant’s 
loss  of  weight. 

2.  That  babies  nursed  by  their  mothers  lose  more  weight  than 
those  nursed  by  wet-nurses,  because  they  obtain  less  nourishment. 
Sadofsky  has  further  shown  that  the  amount  of  water  and  CCL  lost 
by  perspiration  and  respiiation  during  the  first  six  hours  before  the 
infant  has  had  any  food  varies  between  5  and  45  gm.,  the  exact 
amount  depending  on  the  state  of  the  child’s  development.  Birk  2 
compared  the  metabolism  of  a  new-born  baby,  fed  by  its  mother, 
with  that  of  one  fed  by  a  wet-nurse.  Both  showed  a  net  loss  of 
weight,  but  the  first  showed  a  positive  balance  for  salts  and 
nitrogen. 

1  Inaug.  Dissert.,  St  Petersburg,  1904. 

Monatschr.  j ,  Kinderheilk ,  ix.,  1910,  595. 
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Fed  by  Mother. 

Fed  by  Wet-Nurse. 

Gm.  Per  Cent. 

Gm. 

N,  - 

+  0-9513 

-  0-3461 

Ash 

+  1  -6366  or  56-4 

+  0-2360 

CaO 

+  0-2691  or  72-5 

+  0-1700 

MgO 

+  0-0955  or  70-1 

-0-0036 

KoO 

+  0-7911  or  62-9 

-  0-0230 

Na.,0 

+  0-5599  or  45-4 

+  0-0545 

p2o5  - 

+  1-1700  or  79-3 

-0-1258 

(i b )  Physiological  Causes. — In  addition  to  the  mechanical  loss  the 
infant  loses  weight  as  the  result  of  actual  waste  of  tissues.  As  soon 
as  the  infant  begins  to  breathe,  oxidation  of  body  tissues  commences. 
The  substances  burned  off  disappear  in  the  form  of  C02  and  H00. 
Benedict  and  Talbot 1  find  that  the  daily  heat  output  of  a  resting 
new-born  baby  of  3*76  kg.  (about  8  lbs.)  is  about  170  calories, 
corresponding  to  the  oxidation  of  about  17  gm.  of  fat,  or  of  about 
40  gm.  of  carbohydrate.  But  as  the  total  loss  of  weight  during  the 
first  few  days  is,  as  we  have  seen,  200-300  gm.  it  is  clear  that  the 
oxidation  of  fat,  or  even  of  carbohydrate,  can  account  only  for 
a  small  proportion  of  the  loss.  The  relatively  small  amount  of 
protein  burned  up  may  be  disregarded  (see  p.  297)  and  hence  one 
concludes  that  the  principal  loss  of  weight  is  due  to  the  loss  of 
a  large  amount  of  water  from  the  lungs  and  shin,  the  same  as 
occurs  in  the  earlier  stages  of  experimental  inanition  in  animals. 

The  following  observations  by  Camerer,  senior,2  made  on  a  girl 
with  a  birth-weight  of  3,370  gm.,  who  was  the  fifth  child,  and  was 
nursed  by  her  mother,  shows  that  the  loss  in  weight  is  equal  to  the 
difference  between  intake  and  output  (including,  under  output,  loss 
from  skin  and  lungs) : — 


Losses  (in  Gm.). 

Amount 

Loss  from 

Sum  of 
Losses. 

Change 

Days. 

of  Milk 
(in  Gm.). 

Urine. 

Faeces  or 
Meconium. 

Skin  and 
Lungs. 

in  Body 
Weight. 

1 

2 

10 

91 

48 

53 

51 1 

1  meconium 

98 

79 

197 

158 

-  187 
-67 

3 

4 

247 

337 

172 

226 

o  j  faeces 

6  J 

85 

92 

260 

+91 

-  13 

16 

1  Carnegie  Inst,  f Washington,  Publication  No.  233,  11)15,  p.  11. 

2  Quoted  by  Pfaundler  and  Schlossmann,  vol.  i. 
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The  cutaneous  and  pulmonary  losses — which  Camerer,  adopting 
the  terminology  of  Sanctorius,  included  under  the  term  “Insensible 
Perspiration  ”■ — were  obtained  by  weighing  the  infant,  whose  napkins 
had  not  been  changed,  between  two  feeds.  Other  evidence  pointing 
to  a  loss  of  water  as  being  the  cause  of  the  loss  of  weight  is  obtained 
from  a  study  of  the  refractive  index  of  blood  (see  p.  423). 

Factors  which  have  an  Influence  on  the  Loss  of  Weight. 

1.  Amount  of  Food  Obtained  by  the  Infant. — This  is  well  shown 
in  Sadofsky’s  table.  The  amount  of  heat  lost  by  an  average  size 
new-born  infant  is,  as  we  have  just  said,  approximately  170  calories 
per  day.  As  the  heat  value  of  colostrum  is,  according  to  Bailey  and 
Murlin,  65  calories  per  100  c.c.,  it  is  clear  that,  in  order  to  counter¬ 
balance  the  loss  of  weight  due  to  heat  output,  the  infant  would 
have  to  take  some  270  c.c.  of  colostrum  a  day,  i.e.,  27  c.c.  at  ten 
feedings.  This  is  an  amount  which  the  breasts  do  not  secrete  at 
least  until  the  fourth  day. 

2.  The  Degree  of  Maturity  of  the  Infant. — The  more  mature  the 
infant,  the  more  developed  are  its  digestive  organs,  and  the  more  it 
can  utilise  any  nourishment  it  takes,  and  therefore  the  less  is  its 
loss  of  weight. 

3.  Sex  of  Infant. — The  loss  is  said  to  be  less  in  girls  than  in 

boys,  although  Robertson  finds  the  loss  to  be  equal  in  both  sexes, 

and  to  be  9-2  per  cent,  of  the  weight  at  birth.1 

Calculation  of  the  Percentage  Loss  of  Weight  in  Male  and  Female 

Infants. 

Robertson,  from  a  study  of  fifty-seven  male  and  seventy-nine 
female  South  Australian  infants,  found  that  in  the  case  of  the 
males  the  average  birth  weight  was  127*3  oz.,  and  their  average 
weight  at  one  week  was  12T4  oz.,  and  in  the  case  of  the  females 

the  average  birth  weight  was  121*2  oz.,  whilst  their  average  weight 

at  one  week  was  115  oz. 

From  these  figures  it  would  at  first  sight  appear  that  the  loss  of 
weight  in  males  was  5*9  oz.,  or  4 '6  per  cent,  of  the  birth  weight, 
whilst  in  the  case  of  females  the  loss  is  6*2  oz.,  or  5*4  per  cent,  of 
the  birth  weight.  This,  however,  is  not  really  the  case,  because 
we  must  remember  that  the  above  figures  do  not  really  represent 
the  loss  of  weight  due  to  birth.  4"he  infant  at  birth  is  growing 
rapidly,  and  if  it  were  not  for  the  various  factors  causing  the  loss 
of  weight,  the  infant  would  increase  considerably  in  weight  during 
the  first  week  of  life.  The  actual  loss  must,  therefore,  be  greater 

1  A  me r.  fount.  Physiol . ,  87,  1915,  pp.  75-85. 
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than  the  observed  loss,  by  the  amount  that  the  infant  would 
normally  have  gained  as  the  result  of  growth. 

In  Chap.  XVIII.,  p.  250,  we  have  seen  that  the  growth  equation 
in  the  case  of  male  infants  is — 


Logl«  :UlL, 


=  0*1 3  6(/  —  1  -66). 


Now  at  one  week  /  =  7]yr  =  0,23.  Hence  the  equation  becomes- 

x 


L°gio 


=  -0-136  x  L43, 


341-5 

giving  the  expected  weight  x  at  one  week  as  133-1  oz.  The  actual 
loss  is  therefore  1331  —  121*4  =  11*7  oz.,  or  9-2  per  cent,  of  the 
weight  at  birth. 

Similarly  in  the  case  of  female  infants,  the  growth  equation  is — - 


L°Si0  3gLv  =  °-m('-2-47). 

Putting  /  =  Ay  =  0#23,  the  equation  becomes — 


L°gl0  5 


X 


=  -0-111  X  2-24, 


350  —  a? 

giving  the  expected  weight. x  at  one  week  as  126-2  oz.  The  actual 
loss  is  therefore  126*2  —  115  =  11*2  oz.,  which  is  also  9-2  per  cent, 
of  the  birth  weight. 

4.  Degree  of  Parity  of  Mother . — Children  of  multiparae  lose  less 
than  those  of  primiparae  for  the  following  reasons  : — 


(a)  Multiparae  secrete  more  milk. 

(h)  Children  of  multiparae  are  generally  better  developed. 


5.  Time  at  which  the  Cord  is  Tied. — This,  according  to  Sadofsky, 
has  no  influence  upon  the  physiological  loss,  but  infants  in  whom 
the  cord  is  tied  late  show  an  increased  urinary  secretion,  and  hence 
also  an  increased  mechanical  loss. 

Is  the  Loss  of  Weight  Detrimental? — Griffith  and  Gittings  1 
found  that  infants  in  whom  the  initial  loss  of  weight  was  prevented 
by  giving  the  child  additional  human  milk  during  the  first  couple  of 
days  showed,  after  a  few  weeks,  no  advantage  over  those  infants 
in  whom  loss  of  weight  had  been  allowed  to  take  place. 


SECTION  III 

The  Metabolism  of  the  New-Born  Infant. 

A  question  which  has  exercised  the  minds  of  physiologists  is  : 
whether  or  no  the  foetus  contains  an  excessive  amount  of  glycogen. 


1  Arch,  of  Pediatrics,  May  1907. 
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Chemical  analysis  of  animal  and  human  foetuses  do  not  agree  with 
histological  examinations  on  this  point.  Whilst  the  former  have 
failed  to  reveal  any  excess  of  glycogen  in  the  foetal  tissues,  micro¬ 
chemical  tests  have  shown  this  to  be  the  case.  The  question  has, 
therefore,  been  attacked  in  a  different  manner,  viz.,  by  a  study  of 
the  respiratory  exchanges,  and  the  respiratory  quotient  of  the  new¬ 
born  infant. 

Respiratory  Quotient  (R.Q.). — 1 This  has  already  been  defined 

in  Chap.  VIII.,  p.  116,  as  the  volumetric  ratio  CO^expired^ 

Oo  inspired 

We  have  also  seen  that  when  the  material  burned  up  by  the 
body  is  carbohydrate  alone,  R.Q.  =  1,  whilst  in  the  case  of  fat  it  is 
O'Tl,  and  in  the  case  of  protein  it  is  0-8.  Hence  a  determination 
of  R.Q.  of  infants  immediately  after  birth,  before  the  maternal 
mammary  secretion  is  established  to  supply  them  with  the  requisite 
amount  of  food,  and  whilst  they  are,  therefore,  in  a  state  of  starva¬ 
tion,  and  live  upon  their  reserve  body  material,  should  give  a 
decisive  answer  as  to  the  character  of  such  reserve  material,  viz., 
whether  it  is  glycogen  or  not.  In  the  case  of  the  foetus,  we  have 
already  seen  (Chap.  VIII.,  p.  118)  that  Bohr  found  R.Q.  =  1,  indicat¬ 
ing  exclusive  carbohydrate  metabolism. 

The  earliest  observations  on  the  respiratory  exchanges  of  infants 
during  the  first  week  of  life  were  made  by  Mensi,  in  Italy,  in  1894, 
with  an  apparatus  of  the  Regnault-Reiset  type.  The  infants  he 
used,  however,  were  all  under  weight,  and  the  respiratory  quotients 
he  obtained  were  so  low  as  to  throw  considerable  doubt  upon  the 
accuracy  of  his  procedure.  Two  years  later,  Scherer,  working  in 
the  laboratory  of  Professor  Mares,  of  Prague,  and  using  a  similar 
type  of  apparatus,  experimented  with  a  large  number  of  infants 
under  one  week  old.  But  his  results  (R.Q.  =  0-567  -  0-898)  are 
subject  to  the  same  criticisms  as  those  of  Mensi.  In  1 901  Babak, 
also  working  at  Prague,  and  using  a  respiration  apparatus  of  the 
Regnault-Reiset  type,  made  sixty-three  experiments  with  seven 
infants  ranging  from  one  to  eight  days.  He  found  R.Q.  to  be 
irregular,  and  to  be  lower  in  winter  than  in  summer. 

In  1904  Hasselbach,  of  Copenhagen,  using  a  Jaquet  apparatus, 
carried  out  a  most  elaborate  and  interesting  research  on  infants 
ranging  from  a  quarter  of  an  hour  to  five  days  old,  as  well  as  on 
premature  (eight  months’)  infants.  The  conclusions  that  he  arrived 
at  are  : — 

(1)  The  well-nourished  infant,  born  at  full  term,  has  a  store 
of  glycogen  in  its  organs,  which  is  spent  in  the  course 
of  a  few  hours. 
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(2)  The  metabolism  of  a  poorly  nourished  and  premature 
infant  depends  chiefly  on  the  oxidation  of  carbo¬ 
hydrates  during  the  first  hours  of  life. 

The  only  criticism  that  can  be  applied  to  Hasselbach’s  brilliant 
and  most  accurate  research  is  that  the  number  of  infants  he  studied 
was  too  few. 

The  next  research  was  carried  out  by  Weiss  1  in  France  in  1908, 
by  means  of  a  new  type  of  apparatus.  He  finds  R.Q.  to  range 
between  0*70  and  0*95. 

In  1910  Birk  and  Edelstein,  in  Germany,  using  a  Pettenkofer-Voit 
apparatus,  worked  upon  the  same  subject,  but  their  results  are  attended 
by  a  considerable  number  of  inaccuracies.  In  1911  Carpenter  and 
Murlin,  of  America,  determined  the  metabolism  of  the  new-born 
infant  by  means  of  observations  with  the  bed  respiration  calorimeter 
on  pregnant  women  before  and  after  delivery  (see  p.  123). 

In  1915  Benedict  and  Talbot2  published  a  most  comprehensive 
series  of  careful  metabolism  experiments  in  105  new-born  infants, 
seventy-four  of  which  were  studied  within  the  first  twenty  four  hours  of 
life.  They  used  a  special  respiration  apparatus,  in  which  the  liability 
to  error  in  consequence  of  leakage  of  air  was,  as  far  as  possible,  over¬ 
come  by  daily  testings  of  the  tightness  of  the  apparatus,  as  well  as 
by  the  frequent  application  of  the  alcohol  test ,  i.e.,  burning  a  known 
quantity  of  alcohol  in  the  apparatus,  and  noting  whether  the  ratio 

proceed  C0rreSp0n(je(j  with  the  theoretical  ratio  of  alcohol, 
O.,  consumed 

viz.,  0 •()(). 

r Thus  CoHgOH  +  30o=2C02  +  3Hp0,  .  \  =0-66.1 

These  observers  found  that  there  is  a  slight  tendency  for  the 
respiratory  quotient  to  fall  off  during  the  day,  agreeing  with  the 
hypothesis  that  the  infant  lives  on  its  gradually  diminishing  surcharge 
of  glycogen.  On  the  other  hand,  it  is  also  seen  that  the  initial  R.Q. 
is,  for  the  most  part,  considerably  less  than  0-90,  and  hence  we  must 
infer  that  the  substance  that  is  burned  up  does  not  consist  of 
glycogen  alone.  Indeed,  they  found  that  the  average  R.Q.  for  the 
seventy-four  infants  on  the  first  day  of  life  was  0*80,  which  is  the 
same  as  the  average  fasting  R.Q.  of  an  adult  man  ;  but  they  also 
found  that,  during  the  first  eight  hours  of  life,  the  average  was 
higher  than  0*80,  whilst  subsequent  to  the  tenth  hour  the  average 
was  less  than  0*80. 

1  Bull,  del' Acad.  Med.,  GO,  1908. 

2  Carnegie  Inst.,  Washington,  Publication  No.  233,  1915. 
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The  Meaning  of  a  Non-Protein  Respiratory  Quotient  lying  between 

071  and  100. 

We  have  seen  that  R.Q.  =  0*71  means  that  the  substance  burned 
up  is  fat,  whilst  R.Q.  =  1  indicates  a  burning  up  of  glycogen.  It  is 
obvious,  therefore,  that  if  we  exclude  protein  combustion,  as  we 
may  in  new-born  babies,  then  a  quotient  which  is  intermediate 
between  0*71  and  1  must  indicate  a  combustion  of  both  fat  and 
glycogen  in  varying  proportions ;  the  higher  the  quotient  the  more 
the  carbohydrate,  and  the  less  the  quotient  the  more  the  fat  that  is 
burned  up.  The  exact  proportion  of  each  for  any  value  of  R.Q. 
can  easily  be  calculated,  as  follows  :  — 

From  the  equation  C6H10O-  +  602  =  6C02  +  5H20,  we  see  that 
162  gm.  of  glycogen  use  up  6  x  22*4  litres  of  02,  and  yield 
6  x  22*4  litres  of  C02. 

.*.  1  gm.  of  glycogen  uses  up  0*8288  litre  of  09,  and  produces 
0*8288  litre  of  C02. 

Similarly,  from  the  equation 

QrHioA  +  8002  -  57C02  +  52H20, 

we  see  that  1  gm.  of  fat  uses  up  2*02  litres  of  oxygen,  and  yields 
1*427  litres  of  C02. 

.*.  1  gm.  of  glycogen  +  *  gm.  fat  give  a  R.Q.  of 

0*8288  +  1*427* 

0*8288  4  2*20* 

If,  therefore,  R.Q.  is  known,  *  may  easily  be  found,  and  vice 
versa. 

E.g.,  if  the  respiratory  quotient  is  0*80,  we  have 

0.?0_0*8288  + 1*427* 

0*8 288  +  2*02 *  ’ 

.*.  *8288  +  1*427*=  *6630  +  1*616*, 

.*.  *189*=  *1658,  whence  *  =  *87  ; 

i.e.,  the  proportion  of  glycogen  to  fat  (by  weight)  that  has  been 
burned  up  is  1  :  0*87. 

But  1  gm.  of  glycogen  yields  4*1  cals.,  and  0*87  gm.  of  fat  yields 
*8 7  x  9*3  cals.  =  8*091  cals. 

.*.  The  relative  proportion  of  calories  =  4*1  :  8*1  =  1:2. 

.*.  A  non-protein  R.Q.  of  0*80  corresponds  to  a  metabolism  in 
which  33  per  cent,  of  the  energy  was  the  result  of  glycogen  con¬ 
sumption,  and  66  per  cent,  was  derived  from  a  fat  combustion. 

In  this  way,  Zuntz  and  Schumburg  constructed  the  following 
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table,  modified  by  Graham  Lusk,  giving  the  relative  quantities  (in 
calories)  of  carbohydrate  and  fat  burned  up  for  various  values  of  R.Q. 


R.Q. 

r 

Calories  for  1  Litre  02. 

Carbohydrate. 

Fats. 

Number. 

Logarithm. 

0-707 

4*686 

0-67080 

Per  Cent. 

0 

Per  Cent. 
100 

0-71 

4-690 

0-67116 

1-4 

98-6 

0-72 

4-702 

0-67231 

4-8 

95-2 

073 

4-714 

0-67346 

8-2 

91-8 

0-74 

4-727 

0-67460 

11-6 

88-4 

0-75 

4-739 

0-67574 

15-0 

85-0 

0-76 

4-752 

0-67688 

18-4 

81-6 

0-77 

4-764 

0-67801 

21-8 

78-2 

0-78 

4-776 

0-67913 

25-2 

74-8 

0-79 

4-789 

0-68024 

28-6 

71-4 

0-80 

4-801 

0-68136 

32 

68-0 

0-81 

4-813 

0-68247 

35-4 

64-6 

0-82 

4-825 

0-68358 

38-8 

61-2 

0-83 

4-838 

0-68469 

42-2 

57-8 

0-84 

4-850 

0-68578 

45-6 

54-4 

0-85 

4-863 

0-68690 

49-0 

51-0 

0-86 

4-875 

0-68800 

52-4 

47-6 

0-87 

4-887 

0-68910 

55-8 

44-2 

0-88 

4-900 

0-69019 

59-2 

40-8 

0-89 

4-912 

0-69128 

62-6 

37-4 

0-90 

4-924 

0-69230 

66-0 

34-0 

0-91 

4-936 

0-69343 

69-4 

30-6 

0-92 

4-948 

0-69450 

72 -8 

27-2 

0-93 

4-960 

0-69557 

76-2 

23-8 

0-94 

4-973 

0-69664 

79-6 

20-4 

0-95 

4-985 

0-69771 

83-0 

17-0 

0-96 

4-997 

0-6878 

86-4 

13-6 

0-97 

5-010 

0-69985 

89-8 

10-2 

0-98 

5-022 

0-70092 

93-2 

6-8 

0-99 

5-034 

0-70199 

96-6 

3-4 

1-00 

5-047 

0-70307 

1000 

0 

Respiratory  Quotient  during  the  First  Week  of  Life. 

On  examining  Benedict  and  Talbot’s  record  of  the  respiratory 
quotients  of  infants  from  the  second  to  the  eighth  day,  one  finds 
that  there  is  a  tendency  for  it  to  decrease  after  the  first  day,  reaching 
the  lowest  average  on  the  third  day,  viz.,  0-73,  after  which  day  it 
tends  to  increase,  reaching  an  average  of  about  0-80  on  the  eighth 
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day.  Now,  a  non-protein  R.Q.  of  0-73  means  a  metabolism  in 
which  less  than  10  per  cent,  of  energy  is  derived  from  carbohydrate, 
and  one  of  0-90  corresponds  to  a  metabolism  in  which  66  per  cent, 
of  the  energy  comes  from  carbohydrate  (see  table,  p.  284) ;  hence 
we  must  assume  that  after  the  third  day  the  infant  secured  a  supply 
of  carbohydrate  which  was  not  drawn  from  the  body  material,  and 
must  have  been  derived  from  the  mother’s  milk.  Indeed,  they 
actually  found  that  the  establishment  of  the  flow  of  milk  in  the 
mother’s  breasts  was,  as  a  rule,  coincident  with  an  increase  in  the 
respiratory  quotient. 

The  following  is  another  table  given  by  Zuntz : — - 


For  1  Litre  CL. 


R.Q. 

Heat  Production 
in  Calories. 

Glycogen  Con¬ 
sumption  in  Gm. 

Fat  Consump¬ 
tion  in  Gm. 

Loss  of  Body 
Weight  in  Gm. 

0-7133 

4-7950 

0-0000 

0-5027 

0-503 

0-72 

4-8015 

... 

... 

«  •  • 

0-75 

4-8290 

0-1543 

0-4384 

1-056 

0-80 

4-8748 

0-3650 

0-3507 

1-811 

0-85 

4-9207 

0-5756 

0-2630 

2-565 

0-90 

4-9665 

0-7861 

0-1753 

3-320 

0-95 

5-0123 

0-9966 

0-0877 

4-074 

LOO 

5-0581 

1-2071 

0-000 

4-828 

Influence  of  Body  Weight  upon  the  Respiratory  Quotient. 

Benedict  and  Talbot’s  observations  show  that  the  respiratory 
quotient  is  independent  of  the  infant’s  weight. 

Total  Heat-Production  per  Twenty-Four  Hours. 

Benedict  and  Talbot  found  that  the  total  heat  production  per 
kilo  of  body  weight  is  not  constant,  and,  adopting  Lissauer’s  formula 
(see  p.  382),  viz.,  S=10'33\/W2,  they  found  that  the  total  heat- 
production  is  not  a  fixed  quantity  per  unit  of  surface,  a  result  which 
is  quite  contrary  to  Rubner’s  law  of  constancy  of  heat-production 
per  unit  of  surface  of  body.  Indeed,  it  was  found  to  be  practically 
the  same  per  kilo  body  weight  as  for  adults.  Hence  the  general 
belief  that,  owing  to  the  relatively  greater  surface  of  the  bodies  of 
infants  in  proportion  to  their  weights,  their  heat -production  is 
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relatively  greater  has  not  been  found  to  be  the  case,  when  the 
observations  are  made  with  the  infants  in  a  state  of  repose.  (See 
Chap.  XXXIII.) 


SECTION  IV 

The  Transition  from  the  Foetal  to  the  Extra-Uterine  Type  of 
Circulation. 

Closure  of  the  Ductus  Botalli  (ductus  arteriosus). — According  to 
Schultze,  the  obliteration  of  an  artery  may  occur  in  one  of  two 
ways,  viz.  : — 

{a)  Stoppage  of  the  column  of  blood,  without  fall  of  blood 
pressure,  eg .,  in  the  ligature  of  an  artery — where  the  obliteration 
results  from  the  formation  of  thrombi. 

(h)  Contraction  of  the  arterial  walls  as  the  result  of  a  great  drop 
in  blood  pressure,  with  consequent  stoppage  of  flow.  The  oblitera¬ 
tion  of  the  ductus  botalli  occurs  in  this  way.  After  the  child  is 
born,  at  the  moment  when  the  difference  in  blood  pressure  between 
the  aorta  and  the  pulmonary  artery  vanishes,  the  flow  of  blood  in 
the  ductus  botalli  stops.  The  ductus  closes  at  first  as  the  result 
of  the  contraction  of  its  muscular  fibres. 

According  to  Strassmann 1  there  is  a  valvular  process  at  the 
opening  of  the  ductus  into  the  aorta,  which  increases  in  size  with 
the  growth  of  the  infant,  until  the  opening  which  was  at  first  wide 
becomes  a  mere  slit.  Strassmann  injected  into  the  jugular  vein  of 
a  stillborn  child  a  solution  of  gelatine  at  a  pressure  of  40  mm.  Hg, 
and  a  plaster  mixture  into  the  carotid  at  a  pressure  of  80-100  mm. 
Hg  (i.e.,  under  relative  pressures  which  are  normal  in  the  new-born). 
At  the  dissection  there  was  found  the  gelatine  solution  in  the 
pulmonary  artery  and  the  ductus,  but  no  plaster.  He  therefore 
explained  the  obliteration  of  the  duct  by  an  increase  of  pressure  in 
the  aorta  and  a  diminution  of  pressure  in  the  pulmonary  artery, 
allowing  the  valve  to  close,  and  thus  shut  off  the  pulmonary  from  the 
aortic  system. 

Haberda2  criticises  Strassmann’s  experiments  and  conclusions. 
According  to  this  observer  the  size  of  the  valve  is  not  sufficiently 
big  to  close  the  duct.  He  further  doubts  whether  the  experimental 
pressures  adopted  by  Strassmann  are  such  as,  in  fact,  occur  in  the 
vascular  system  of  the  new-born  infant.  He  injected,  under  lower 

1  Arch.  f.  Gynak . ,  45,  c.  894. 

2  “  D.  fotale  Kreislaufswege  d.  Neugeb.,”  Wien,  1896. 
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pressure,  some  gelatine  into  the  right  subclavian,  and  invariably 
found  the  gelatine  in  the  aorta,  pulmonary  artery,  and  the  duct. 
Haberda  further  inflated  the  lungs  of  stillborn  infants  and  never 
succeeded  in  obtaining  any  change  in  the  ductus.  According  to 
him  the  obliteration  occurs  as  the  result  of  the  contraction  of  the 
walls — due  to  establishment  of  the  flow  in  the  lungs. 

Many  other  theories  have  been  propounded,  but  it  would  seem 
that,  on  the  whole,  Schultze’s  theory  is  the  most  plausible  one. 
Berggrun  1  determined  the  pressure  in  the  carotids  of  the  new-born 
animals  with  the  following  results  : — 

5  hours  after  birth 

H  „ 

2  days  after  birth 

Cohnstein  and  Zuntz  have  also  shown  in  the  sheep  that  the  blood 
pressure  falls  in  the  systemic  circulation. 

In  order  to  confirm  Schultze’s  theory  it  would  be  necessary  to 
show  that  the  circulation  stops  in  the  ductus  immediately  after 
birth.  Autopsies  on  infants  who  died  soon  after  birth  afford  no 
answer  to  this  question. 

The  ductus  arteriosus  comes  off  in  about  92  per  cent,  of  cases  from  the  point 
of  division  of  the  pulmonary  artery.  Its  dimensions  are  as  follows  :  — 


New-born 

- 

- 

Length,  6*9 

mm. 

Diameter,  4‘i 

]  mm. 

7  days 

- 

- 

6'2 

„  3 

5  5 

1  year 

- 

- 

„  0’S 

>  > 

8 

5? 

25  years 

- 

- 

,,  9-0 

,,  5-8 

i  „ 

After  the  ductus  has  been  obliterated  it  becomes  the  ligamentum 
arteriosum  magnum.  Although  circulation  through  the  ductus 
probably  stops  soon  after  birth,  the  obliteration  of  its  lumen  does 
not  take  place  immediately.  The  exact  time  at  which  this  occurs 
is  not  quite  settled.  According  to  some,  it  may  occur  at  birth,  and 
according  to  others,  as  late  as  at  the  age  of  two  years.  It  would 
seem,  however,  that  both  extremes  are  pathological  rather  than 
physiological.  Gundobin  found  in  forty  autopsies  eighteen  cases  of 
obliteration  between  the  thirtieth  and  sixtieth  day,  whilst  after  the 
fourth  month  there  was  not  a  single  case  where  it  had  not  been 
obliterated. 


40  mm. 
30 
60 
90 


55 

55 


1  Inaug.  Dissert.,  St  Petersburg,  1901. 
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Willigk  reported  a  case  where  the  ductus  was  found  patent  in  a  boy 
seven  years  old,  in  whom  no  physical  signs  of  disease  had  ever  been 
suspected.  This  shows  that  it  is  impossible  to  ascertain  by  ausculta¬ 
tion  the  time  of  closure  of  the  duct  in  infants — as  it  had  been 
suggested  might  be  possible. 

The  Ductus  Venosus  (ductus  arantii). — Nikitin1  investigated  the 
question  of  obliteration  of  the  duct  experimentally  and  microscopically. 
He  injected  fluid  into  the  vascular  system  of  dead  infants,  and  he  found 
that  up  to  eleven  days  the  fluid  entered  freely  the  ductus  venosus,  and 
filled  it  right  up  to  its  entrance  into  the  inferior  vena  cava.  In 
children  over  two  weeks  old  fluid  injected  through  the  umbilical 
vein  failed  to  enter  the  duct,  although  when  the  fluid  was  injected 
through  the  vena  cava  it  found  its  way  into  the  duct.  Microscopic 
evidence  of  the  beginning  of  closure — viz.,  increase  of  connective 
tissue — is  found  even  in  infants  two  days  old.  Full  obliteration 
does  not  occur  before  six  weeks. 

The  Closure  of  the  Foramen  Ovale. — Alexjeff2  found  that  in  eight 
out  of  eighteen  cases  the  foramen  was  still  more  or  less  open  during 
the  first  month ;  during  the  second  month  it  was  open  in  six  out 
of  thirty-six  cases.  After  the  sixth  or  seventh  month  it  is  rare 
to  find  a  patent  foramen  ovale,  although,  according  to  some 
(Hinze,  Zahn,  and  Klob),  a  patent  foramen  is  found  in  23-50  per 
cent,  of  adults. 

The  Foramen  Ovale. — As  soon  as  respiration  occurs  and  blood 
comes  into  the  lungs  through  the  pulmonary  artery,  and  back  again 
as  oxygenated  blood  through  the  pulmonary  veins  into  the  left  auricle, 
the  pressure  in  that  auricle  becomes  equal  to  the  pressure  in  the 
right  auricle  (when,  before  establishment  of  respiration,  it  was  less), 
and  blood  ceases  to  flow  through  the  foramen  ovale  from  the  right 
to  the  left  auricle.  At  the  same  time  the  right  ventricle,  which 
now  has  to  receive  all  the  blood  from  the  right  auricle,  becomes 
enlarged. 

The  Obliteration  of  the  Hypogastric  Arteries  is  due  to  two  factors, 
viz.,  exposure  to  cold  which  contracts  their  powerful  muscular  coat, 
as  well  as  to  the  diminished  force  of  the  blood  that  is  driven  through 
them,  since  the  extra  force  derived  from  the  right  auricle  pumping 
the  blood  through  the  ductus  arteriosus  is  no  more  available,  and 
the  left  ventricle  alone  is  not  able  to  send  the  blood  the  long  distance 
through  them. 

1  Inaug.  Dissert.,  St  Petersburg,  1907. 

2  Arch.  f.  Kinder heilk,  1892. 
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The  changes  taking  place  in  the  circulation  as  the  result  of  the 
first  breath  may  be  tabulated  as  follows  : — 


Structure. 

Before  Birth. 

After  Birth. 

Umbilical  vein 

Brings  arterial  blood 
into  the  heart  and 
liver 

Obliterated  =  round 
ligament  of  liver. 

Umbilical  arteries 

Bring  arterio  -  venous 
blood  to  the  placenta 

Obliterated  =  lateral 
vesical  ligaments. 

Ductus  arantii 

Brings  arterial  blood 

Obliterated  =  round 

(venosus) 

to  the  auricles 

ligament  of  liver. 

Ductus  botalli 

Brings  arterial  and  a 

0  bl  i  t  e  rate  d  =  liga- 

(arteriosus) 

little  venous  blood 
out  of  the  right 
ventricle  into  the 
aorta 

mentum  arteriosum. 

Foramen  ovale 

Open  for  communica¬ 
tion  between  the  two 
auricles 

Obliterated. 

Lungs- 

Free  from  air,  relatively 
anaemic  and  dark  red 

Aerated,  relatively 
rich  in  blood,  and 
bright  red. 

Pulmonary  arteries 

Bring  relatively  little 
blood  to  the  lungs 

Bring  relatively  much 
blood  from  the  right 
ventricle  to  the  heart. 

Pulmonary  veins  - 

Bring  relatively  little 
blood  from  the  lungs 
to  the  left  auricle 

Bring  relatively  much 
blood  from  lungs  to 
left  auricle. 

Ascending  aorta  - 

Takes  blood  from  both 
sides  of  the  heart 
(more  venous  from 
right  heart  through 
the  ductus  botalli ; 
more  arterial  from 
left  heart) 

Carries  exclusively  ar¬ 
terial  blood  from  the 
left  heart. 

Inferior  vena  cava 

Brings  venous  blood 
from  body  and  liver, 
and  arterial  blood 
from  placenta  into 
both  auricles 

Brings  exclusively  ven¬ 
ous  blood  only  into 
the  right  auricle. 

1 


19 
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SECTION  V 

The  Urine  of  the  New-born  Infant. 

Quantity. — The  following  table  gives  the  average  twenty-four 
hourly  quantities  of  urine  (in  c.c.)  passed  by  infants  in  the  first  few 
days  of  life,  as  found  by  different  observers  1  : — 


Observer. 

1st 

Day. 

2nd 

Day. 

3rd 

Day. 

4th 

Day. 

5th 

Day. 

6th 

Day. 

Per  Kilo  Body  Weight. 

1 

2 

3 

4 

5 

6 

Schiff  - 

17-1 

43-2 

49-7 

116*1 

167*9 

213*7 

5*6 

13-7 

14*8 

36 

53*9 

65*9 

Reusing- 

18-9 

38*6 

64-9 

84 

121*5 

147-7 

5*9 

12*6 

21*6 

27*8 

39*3 

46*8 

Kotschar- 

9*56 

27-4 

68-7 

127*7 

171-6 

215*3 

2*4 

8 

20*1 

36*9 

48*6 

60*2 

owski  2 

Gein 

16-8 

29-7 

49-0 

93*8 

131*0 

205*8 

4*8 

8*6 

11*6 

27*5 

38*1 

58*4 

From  this  it  is  seen  that  the  amount  of  urine  passed  in  twenty- 
four  hours  increases  rapidly  during  the  first  six  days.  The  small 
quantity  passed  the  first  day  is  due  to  the  insufficient  milk  supply 
from  the  breasts  (see  next  table,  p.  291). 

Factors  which  Influence  the  Amount  of  Urinary  Secretion. 

1.  The  time  of  tying  the  cord  (see  p.  280). 

2.  The  degree  of  parity  of  the  mother  and  the  weight  of  the  child. 
As  first-born  infants  are  less  well  developed  than  those  born  after 

them,  therefore  the  amount  of  urine  secreted  is  smaller  in  the  former 
than  in  the  latter. 

The  numbers  in  the  above  table  showing  the  amounts  of  urine 
per  kilo  body  weight  indicate  that  the  functional  activity  of  the 
kidneys  increases  during  the  first  six  days  to  between  8  and  25-fold. 

The  table3  on  p.  291  shows  how  the  quantity  of  urine  secreted 
depends  on  the  amount  of  ingested  milk. 

Specific  Gravity. — This  gradually  diminishes  during  the  first 
week  from  1012T6  in  the  first  day  to  1003*6  on  the  sixth  day.4 

1  Gundobin,  op,  cit. ,  p.  363. 

“  Inaug.  Dissert.,  St  Petersburg,  1899. 

3  Reusing,  7.eitsch.  Geburtsh.  u.  Gyntik . ,  1895. 

4  Kotscharowski,  op.  cit. 
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Age. 

Quantity  of  Milk. 

Quantity  of  Urine 
(Total). 

Quantity  of  Urine 
per  Kilo  Body 
Weight. 

Breast. 

Bottle. 

Breast. 

Bottle. 

Breast. 

Bottle. 

1  day 

38*3 

96-6 

8-4 

35-8 

5-9 

9-5 

2  days 

120-8 

150-6 

26-8 

71 

12-6 

19-1 

3  „  -  - 

176-6 

229-5 

40-9 

135-8 

21-6 

37-7 

4  „  -  - 

220 

263-1 

60-8 

287 

27-8 

57*9 

b  ,,  "  - 

271-5 

364-6 

119-1 

283 

39-3 

69-8 

6  ,,  -  - 

296 

369 

148-6 

246 

46-8 

88-2 

7  „  - 

297 

410 

157 

325 

57 

99-5 

8  -  - 

338 

530 

208 

406 

67-4 

129-8 

Reaction. — -During  the  first  few  days  the  urine  has  a  strong  acid 
reaction.  This  becomes  less  acid  after  the  first  few  days.  The 
acid  reaction  of  urine  is  due  to  NaH.2P04  (Folin  attributes  it  to 
organic  acids),  and  must  be  tested  immediately  the  urine  leaves  the 
bladder,  as  the  acidity  soon  disappears.  Ylppo  1  gives  the  following 
PH  values  of  the  urine  of  infants  from  birth  up  to  six  months  : — 


1st 

month 

- 

- 

- 

P„  =  5'7 

2nd 

55 

- 

- 

- 

„  =5-5 

3rd 

55 

- 

- 

- 

„  =5'6 

4th 

55 

- 

- 

- 

„  =  6'4 

5th 

55 

- 

- 

- 

„  =7-1 

6th 

55 

- 

- 

- 

„  =7-2 

Colour. — The  first  three  days  the  urine  is  intensely  yellow,  corre¬ 
sponding  to  numbers  3-5  of  Vogel’s  scale.  During  the  next  three 
days  it  becomes  paler  yellow  (numbers  1-3  of  the  scale).  A  higher 
colour  corresponds  to  a  higher  specific  gravity.  The  white  sediment 
of  the  urine  of  the  first  few  days  consists  microscopically  of  urates  of 
ammonia  and  sodium,  and  of  epithelial  cells  of  the  urinary  tract. 

The  colour  of  urine  is  due  to  urochrome ,  but  urine  may  also  con¬ 
tain  the  following  three  other  pigments,  viz.,  urobilin,  uroerythrin, 
and  haematoporphyrin. 

The  Elimination  of  Nitrogen,  Sulphur,  and  Phosphorus  in  the  Urine. 

When  the  usual  organic  food-stuffs  are  burned  up  in  the  body,  the 
end  products  of  their  destruction  are  H20  and  C02  (coming  from  all 

1  Zeitschr.  f.  Kinder  heilk,  14,  1916,  p.  294. 
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of  them),  as  well  as  nitrogenous  waste  produced,  together  with 
sulphates  and  phosphates  (yielded  by  the  proteins). 


Channels  of  Elimination. 

The  H20  is  eliminated  in  the  urine,  sweat,  saliva,  and  in  the 
expired  air. 

The  C02  is  eliminated  in  the  expired  air,  as  well  as  in  small 
quantities  in  the  secretions  (sweat  and  urine). 

The  Nitroge?ious  Excretions  are  found  in  a  small  part  in  the  sweat, 
in  a  large  part  in  the  feces,  but  in  the  main  part  in  the  urine.  Hence, 
in  all  problems  concerning  protein  metabolism  in  the  body,  the 
quantity  of  nitrogen  excreted  is  of  the  utmost  importance  as  an 
index  of  the  amount  of  protein  burned  up  in  the  body.  The  total 
nitrogen  in  the  urine  is  determined  by  Kjeldahl’s  method.  The 
quantity  thus  determined  multiplied  by  6-25  equals  the  amount  of 
protein  oxidised  in  the  body  (since  protein  contains  about  16  per 
cent,  of  nitrogen). 

In  the  average  sized  adult  man  the  total  N  eliminated  per  day 
equals  14-18  gm.,  corresponding  to  88-112  gm.  protein.  This  total 
nitrogen  is  made  up  as  follows  : — 

(a)  Urea-Nitrogen,  which  varies  with  the  amount  of  ingested 
protein,  and  is  normally  about  80  per  cent,  of  the  total  N. 

Urea  (CO(NH2)2)  is  formed  in  the  liver  from  the  ammonia  set 
free  in  the  muscles  and  other  tissues  as  the  result  of  the  local 
deamination  of  the  amino  acids  coming  from  metabolised  protein 


(e.g.,  CH3.CH.NH2.COOH  +  H20  =  CH3.CHOH.COOH  +  NH8). 

Alanin.  Lactic  acid. 


The  ammonia  combines  with  the  C02  in  the  blood,  and  is  brought 
to  the  liver  in  the  form  of  the  carbonate  or  carbamate  of  ammonia, 
where  dehydration  takes  place  in  accordance  with  the  following 
equations  : — 


NH 

NH 


CO, 


-  2H20  =  CO 


NH2 

nh2 


Ammonium  carbonate.  Urea. 


CO 


/ONH4 

\  nh2 


h2o  -  CO 


Ammonium  carbamate. 


In  Acidosis,  when  oxidation  of  fat  is  incomplete,  and  intermediate 
products,  in  the  form  of  /3-oxybutyric  acid  and  diacetic  acid,  instead 
of  undergoing  oxidation,  pass  into  the  blood  stream  as  such,  these 
acids  combine  with  the  ammonia,  and  are  excreted  in  the  urine  in 
the  form  of  ammonium  salts.  The  amount  of  urea  in  the  urine  is, 
therefore,  correspondingly  diminished. 
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That  the  amount  of  urea  in  the  urine  varies  with  the  quantity  of 
protein  food  ingested  is  shown  in  the  following  table  (Folin) : — 


Abundant 
Protein  Diet. 

Percentage 
of  Total 
Nitrogen. 

Low  Protein 
Diet. 

Percentage 
of  Total 
Nitrogen. 

Quantity  of  urine 

1,170  c.c. 

385  c.c. 

Total  N  - 

16*8  gm. 

.  .  . 

3*6  gm. 

•  •  • 

Urea 

14-7  „ 

87-5 

2-2  „ 

6L7 

nh3 

0-49  „ 

3-0 

0-42  „ 

11-3 

Uric  acid  - 

0-18  „ 

LI 

0*09  „ 

2-5 

Creatinine 

0-58  „ 

3-6 

0*60  „ 

17-2 

Total  S04 

3-64  „ 

0-76  „ 

•  •  • 

Inorganic  S04  - 

3-27  „ 

*  •  • 

0-46  „ 

•  *  * 

Ethereal  S04 

0-19  „ 

0-10  „ 

This  table  shows  that  the  amount  of  urea  and  sulphates  in  the 
urine  is  greatly  increased  by  a  protein  meal,  whereas  creatinine  and 
NH3  which  are  formed  endogenously ,  i.e.,  by  the  breaking  down  of 
tissue  protein,  as  the  result  of  ordinary  wear  and  tear,  are  very  little 
affected  by  the  amount  of  protein  eaten — unless  this  contains 
creatinine  or  uric  acid. 

(b)  Ammonia  (NHS)  Nitrogen. — This  represents  the  small  amount 
of  nitrogen  which  escapes  being  converted  into  urea  by  the  liver.  It 
is  equal  to  4-5  per  cent,  of  the  total  nitrogen.  The  proportion  of 
ammonia  nitrogen  to  the  total  nitrogen  is  called  the  “  Ammonia 
Coefficient. ”  This  ammonia  coefficient  is  generally  increased  in 
acute  disorders  of  infancy,  resulting  in  acidosis,  while  the  quantity 
of  urea  is  correspondingly  diminished. 

(c)  Creatinine  Nitrogen. 

NH 

Creatinine ,  %  |  ,  is  an  anhydride  of 

NH=C — N(CH8)CH2.CO 

creatine  which  occurs  in  muscle.  As  has  already  been  stated,  this 
substance  is  derived  from  the  endogenous  metabolism  of  protein. 
It  gives  a  red  colour  with  KOH  and  picric  acid.  The  creatinine 
nitrogen  equals  3-6  per  cent,  of  the  total  nitrogen. 

id)  Uric  Acid  Nitrogen. 

Uric  Acid  (C5H4N403)  is  derived  partly  endogenously  from  the 
breaking  down  of  tissue  nucleins  and  partly  exogenously  from  the 
nuclein  in  the  food.  Uric  acid  or  purin  nitrogen  equals  1-2  per  cent, 
of  total  nitrogen. 
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(e)  Hippuric  Acid  (or  amino  acid)  Nitrogen. 

Hippuric  acid  is  formed  in  the  kidney  itself  by  the  synthesis  of 
benzoic  acid  and  glycine. 

C,H5COOH  +  CH,NH2COOH  =  C6H5CONHCH2COOH. 

Benzoic  acid.  Glycine.  Hippuric  acid  +  H>>0. 

(/)  Unknown  Nitrogen. — 3-5  per  cent,  of  the  total  N. 

Sulphates. — These  [are  present  in  two  forms,  viz.,  (1)  inorganic; 
(2)  ethereal. 

The  ethereal  sulpnates  are  compounds  of  sulphuric  acid  with 
phenol,  indoxyl,  skatoxyl,  and  potassium. 

Indol  and  skatol,  from  which  indoxyl  and  skatoxyl  are  formed  by 
oxidation,  are  formed  from  tryptophane  by  the  intestinal  bacteria,  and 
hence,  when  there  is  increased  putrefaction  in  the  digestive  tract  (e.g., 
in  constipation),  the  proportion  of  ethereal  sulphates  is  increased.  It 
is  normally  present  in  adult  urine  to  the  extent  of  10  per  cent,  of  the 
total  sulphates. 

Tryptophane,  one  of  the  products  of  protein  decomposition,  is 

CH 

>\ 

HC  C - C— CI-IoCHNHoCOOH 

I  II  II 

HC  C  CIi 

\/ 

CH  NH 

Benzene.  Pyrrhol.  a- Amino-propionic  acid. 

By  the  breaking  down  of  the  amino- propionic  acid,  skatol  is  formed — 

CH 

S\ 

HC  C - C — CH., 

I  II  II 

II  c  c  c 

\/  \/ 

CH  NH 

and  by  the  removal  of  methyl,  indol  is  produced — 

CH 

HC  C - CH 

I  II  II 

HC  C  CH 

\/  \/ 

CH  NH 


Phenol,  C6H5OH,  is  a  further  stage  of  disintegration. 
Indol  is  oxidised  into  indoxyl  thus  : — 


NH 
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This,  when  linked  to  K2SQ4,  forms  indoxyl  sulphate  or  indican- — 


-C— O.SOo.OK 

( ( 

|| 

CH 

\A 

NH 


The  sulphuric  acid  is  derived  almost  entirely  from  the  sulphur 
contained  in  protein. 

Phosphoric  Acid. —  This  is  derived  from  the  phosphorus  in 
protein,  and  is  present  in  two  forms,  viz. 

(1)  Acid  phosphates  of  sodium  and  potassium. 

(2)  Earthy  phosphates  of  calcium  and  magnesium. 

The  Chlorides  are  chiefly  derived  exogenously  from  the  food. 
For  cystin  and  alkapton ,  see  p.  511. 


The  Amount  of  Urea  in  the  Urine  of  the  New-born. 

The  twenty-four  hourly  quantities  excreted  fluctuate  between  very 
wide  limits,  as  the  following  numbers  show  1 : — 


Age  in  Days. 

Urea. 

Average  in  Mg. 

Maximum. 

Minimum. 

1 

187-38 

616-71 

41-93 

2 

337-93 

712-03 

139-01 

3 

464 

783-47 

254-85 

4 

497-42 

763-85 

265-36 

5 

710-57 

1114-89 

379-49 

6 

740-07 

1160-53 

431-09 

Adult 

30000-00 

In  the  adult  the  urea  is  20  per  mille  of  urine  and  about  430  mg. 
per  kilo  body  weight. 

These  tables  show  that  the  total  amount  of  urea  excretion,  as  well 
as  the  amount  per  kilo  body  weight,  increases  from  day  to  day,  but 
that  the  percentage  with  respect  to  the  amount  of  urine  passed  falls 
distinctly  after  the  third  day.  On  the  twentieth  day  the  amount  of 
urea  is  152-18  mg.  per  kilo  body  weight  and  2-99  per  mille.  On  the 
fortieth  day  it  is  134-20  mg.  per  kilo  and  2*19  per  mille,  and  on  the 
eightieth  day  it  is  85-58  mg.  per  kilo  and  1’86  per  mille 
(Kotscharowski). 


1  Gundobin,  op.  cit.,  p.  366. 
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Calculated  per  mille  and  per  kilo  body  weight  one  obtains  the 
following  numbers  for  the  first  six  days  : — 


Urea  per  Mille  Urine. 

1 

2 

3 

4 

5 

6 

Schiff 

81-5 

9-98 

10-71 

7-18 

4*48 

3-18 

Reusing  - 

6-96 

8-77 

11-4 

8-94 

7-53 

6-36 

Kotscharowski  - 

10-47 

10-87 

5-54 

3-25 

3-47 

3-0 

Per  Kilo  Body  Weight. 

1 

2 

3 

4 

5 

6 

Schiff 

40*4 

129 

120-1 

179-1 

164-4 

187-7 

Reusing  - 

18-9 

85-5 

173-0 

165-0 

257 

288 

Kotscharowski  - 

53-08 

98-19 

131-03 

138-8 

193-7 

200-57 

From  these  numbers  it  is  seen  that  new-born  infants  excrete 
considerable  amounts  of  urea.  Hofmeister  attributes  the  infant’s 
loss  in  weight  during  the  first  few  days  to  the  oxidation  in  the 
tissue  of  ingested  protein,  and  adduces  this  large  urea  excretion 
(which  is  a  product  of  protein  disintegration)  as  evidence  for  his 
hypothesis.  But,  as  Czerny  has  rightly  pointed  out,  the  increased 
urea  excretion  does  not  coincide  in  point  of  time  with  the  greatest 
loss  in  weight. 

The  Total  Nitrogen. 


Kotscharowski  gives  the  following  figures  : — 


Days. 

Average  Total  Amount 
of  N  Excreted  in 
Twenty-Four  Hours 
(in  Mg.). 

Average 
Amount  of  N 
(per  Mille). 

Amount  of 

N  per  Kilo 
Weight. 

1 

131-17 

7*83 

31-77 

2 

213-97 

6-85 

61-63 

3 

272-87 

3-26 

77-06 

4 

304-42 

1-91 

84-99 

5 

425-60 

2-08 

116-02 

6 

423-52 

1-72 

114-73 
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From  this  table  we  see  that  the  total  amount  of  nitrogen  excreted 
during  the  first  four  days  (during  which  the  infant  loses  weight)  is 
less  than  1  gm.  (/.<?.,  922T3  mg.).  This  amount  represents  a 
destruction  of  less  than  6  gm.  of  protein  (see  p.  292).  Hence  the 
loss  of  weight  cannot  be  due  to  protein  disintegration  (see  p.  278). 

It  is  thus  seen  that  the  absolute  as  well  as  relative  (per  kilo  body 
weight)  amount  of  nitrogen  excreted  increases  every  day,  although 
the  percentage  of  N  contents  diminishes. 

Kotscharowski  also  gives  the  following  table,  showing  the  relation 
of  urea  nitrogen  to  total  nitrogen  : — 


Nitrogen. 

1st 

Day. 

2nd 

Day. 

3rd 

Day. 

4th 

Day. 

5th 

Day. 

6th 

Day. 

19  th 
Day. 

40th 

Day. 

82nd 

Day. 

Total  N  - 

121*17 

213*97 

272*87 

304*42 

425*60 

423*52 

344*96 

367*50 

334*03 

Urea  N  - 
Total  N  \ 
UreaN  J 

87*41 

157*70 

216*53 

232*13 

331*60 

345*37 

301*84 

275*02 

279*69 

1  :  0*736 

1  :  0*736 

1:0*793 

1  :  0*762 

1  :  0*779 

1  : 0  *817 

1  :  0*875 

1  :  0*749 

1  :  0*837 

As  regards  the  excretion  of  creatinine  in  the  new-born,  opinions 
differ.  According  to  Rietschel  and  Wehl,  this  substance  is  absent 
in  the  urine  of  the  new-born  infant,  showing  that  there  is  no 
destruction  of  tissue  protein,  whilst,  according  to  Amberg  and 
Morill,1  it  is  present  to  the  extent  of  0*006-0-009  gm.  per  kilo  body 
weight  (i.e.,  about  the  same  proportion  as  in  the  adult). 

Uric  Acid. 

Reusing,  amongst  others,  using  Hopkins’  method,  determined 
the  amount  of  uric  acid  in  the  urine  of  the  new-born  infant.  He 
gives  the  following  figures  : — 


Days. 

Average  in 
Twenty-Four  Hours. 

Per  Mille. 

Per  Kilo 
Body  Weight. 

1 

39*8 

1*30 

10*67 

2 

52*53 

1*27 

14*01 

3 

36*06 

0*44 

9*53 

4 

45*99 

0*24 

11*60 

5 

41*62 

0*16 

10*25 

6 

41-27 

0*13 

10*09 

19 

12*875 

0*0515 

3*03 

40 

13*905 

0*0515 

3*11 

80 

19*200 

0*0600 

2*75 

1  Journ.  of  Biol.  Chem.,  1907. 
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From  this  we  see  that  the  urine  of  the  new-born  infant  contains 
two  or  three  times  more  uric  acid — whether  absolutely,  or  per  cent., 
or  calculated  per  unit  body  weight — than  that  of  the  older  infant. 
Kotscharowski  gives  a  much  more  elaborate  table  which  I  reproduce 
here.  This  shows  that  the  quantity  of  N  which  is  used  to  form 
uric  acid  decreases  from  day  to  day,  whilst  at  the  same  time  the 
proportion  of  urea  to  uric  acid  increases  daily. 


Day. 

Proportion  of 

Total  N. 

N  of  Urea 
in  Mg. 

N  of  Uric 
Acid 
in  Mg. 

Total  N 
to  Uric 
Acid  N. 

Urea  N 
to  Uric 
Acid  N. 

Uric  Acid 
to  Urea. 

1 

1  :  0-060 

1  :  0-090 

1  :  7-9 

219-39 

147-26 

13-29 

2 

1  :  0-059 

1  :  0-089 

1  :  8-0 

296-47 

197-76 

17-51 

3 

1  :  0-043 

1  :  0-058 

1  :  12-2 

279-66 

205-25 

12-02 

4 

1  :  0-041 

1  :  0-055 

1  :  12  9 

371-95 

278-46 

15-33 

5 

1  :  0-029 

1  :  0-038 

1  :  18-8 

478-98 

365-19 

13-87 

6 

1  :  0-029 

1  :  0-037 

1  :  19-3 

459-81 

373-19 

13-76 

20 

1  :  0-012 

1  :  0-014 

1  :  50-2 

344-96 

301-84 

4-29 

40 

1  :  0-013 

1  :  0-017 

1  :  42*5 

367-50 

275-62 

4-63 

80 

1  :  0-019 

1  :  0-023 

1  :  31-0 

334-03 

279-67 

6-40 

Phosphoric  Acid  (as  determined  by  titration  with  uranium 
nitrate). 

Older  investigators  failed  to  discover  any  phosphoric  acid  in  the 
urine  of  the  new-born  infant,  but  Kotscharowski  gives  the  following 
table  : — 


P2Ofi. 

1st 

Day. 

2nd 

Day. 

3rd 

Day. 

4th 

Day. 

5th 

Day. 

6th 

Day. 

10th 

Day. 

40th 

Day. 

82nd 

Day. 

Average  total  in 

0-50 

2-67 

6-33 

15-38 

18-06 

28-78 

70  0 

54  0 

70  6 

24  hours  (in  mg.) 
Quantity  per  mille  - 

0-045 

0-108 

0135 

0-112 

0  113 

0-142 

0-28 

0-20 

0-28 

Quantity  per  kilo  - 

0-016 

0-815 

1-044 

4-470 

5-283 

8-320 

16-417 

12-272 

1 1  -420 

From  this  it  is  seen  that  although  the  excretion  of  P205  increases 
daily,  the  total  amount  excreted  in  early  life  is  minimal.  These 
salts  are,  of  course,  essential  for  the  growth  of  the  skeleton. 
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The  Amount  of  Chlorine. 

The  following  numbers  show  that  during  the  first  three  or  four 
days  the  amount  of  chlorine  excreted  in  the  urine  is  practically  the 
same,  although  the  amount  of  NaCl  ingested  during  the  same  period 
has  markedly  increased,  showing  that  some  chlorides  are  retained  : — 


Day. 

NaCl  per  Mille. 

1 

2 

3 

4 

5 

6 

Schiff 

2*71 

1*8 

1*27 

0*88 

1*10 

1*13 

Kotscharowski  - 

1*015 

1*720 

1*003 

0*940 

1  *005 

1*125 

Gein 

2*734 

2*675 

1*5960*995 

1*314 

l  *598 

Per  Kilo  Body  Weight. 


1 

16*54 

5*89 

18*75 


2 

21*62 

16*0 

22*37 


3 

15*17 

24*71 

23*22 


29*46 

40*32 

26*04 


5 


51*67 

53*00 

50*31 


6 

70*15 

72*72 

96*29 


This  circumstance  makes  one  recognise  a  certain  similarity 
between  the  chlorine  metabolism  of  the  new-born  and  that  of  the 
starving  adult.  In  breast  babies,  forty  days  old,  Ivotscharowski 
found  the  total  NaCl  excreted  in  twenty-four  hours  to  be  0*86  per 
mille,  and  52*77  per  kilo  body  weight. 


Sulphates. 

These  are,  as  we  have  seen,  products  of  protein  disintegration, 
and  are  found  in  adult  urine  in  two  varieties,  viz.,  as  inorganic 
sulphates  and  as  ethereal  sulphates. 

Kotscharowski  estimated  the  total  amount  of  sulphates  in  the 
urine  of  new-born  babies,  by  means  of  Salkowski’s  modification  of 
Baumann’s  method,  and  he  gives  the  following  table  : — 


SO,. 

1st 

Day. 

2nd 

Day. 

3rd 

Day 

4th 

Day. 

5th 

Day. 

6th 

Day. 

19th 

Day. 

40th 

Day. 

82nd 

Day. 

Average  24 
hourlytotal 
in  mg. 

7*14 

18*74 

16*65 

17*61 

18*91 

24*75 

33*39 

28*08 

32*19 

Amount  per 
mille 

0*549 

0*661 

0*339 

0*205 

0*154 

0*161 

0*133 

0*104 

0*100 

Amount  per 
kilo  body 
weight 

1*85 

5*59 

5*08 

5*16 

5*76 

7*51 

7*86 

6*38 

6*42 
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This  shows  that  the  absolute  amount  of  sulphates,  as  well  as  the 
amount  per  kilo  body  weight,  rises  daily,  whilst,  on  the  other  hand, 
the  percentage  gradually  diminishes.  This  diminution  corresponds 
with  the  lowering  of  the  specific  gravity  noticed  from  the  second  day 
onwards.  Moreover,  whilst  the  absolute  amount  of  sulphates  is 
lower  in  the  new-born  than  in  the  suckling,  the  percentage  and 
the  amount  per  unit  body  weight  is  relatively  large  in  the 
new-born. 

Kotscharowski  could  not  determine  the  amount  of  ethereal 
sulphates  on  account  of  the  small  quantities  of  urine  available,  but 
from  the  small  amount  of  total  sulphates  found,  one  may  conclude 
that  the  fermentation  processes  (or  the  ethereal  sulphates)  must  be 
very  insignificant  in  the  intestinal  canal  of  the  young  infant.  This 
circumstance  finds  its  explanation  partly  in  the  fact  that  the 
meconium  is  practically  sterile,  and  that  the  breast-fed  baby’s 
nourishment  contains  no  putrefactive  bacteria. 

Summary. 

In  the  first  few  days  of  life  the  urea  nitrogen  forms  G6-73  per 
cent,  of  the  total  urinary  nitrogen.  Bohlands’  researches  show  that 
in  the  urines  of  adults  suffering  from  some  febrile  ailment  the  urea 
nitrogen  forms  84-6  per  cent,  of  the  total  nitrogen,  while  in  healthy 
persons  it  forms  86*6-90  per  cent.  Hence  Preyer’s  aphorism  is  true, 
that  “  new-born  infants  exist  under  more  unfavourable  conditions 
than  starving  adults.” 

The  following  table  represents  the  distribution  of  nitrogen  in  an 
adult’s  and  infant’s  urine  : — 


Adults. 

New-born. 

As  urea  - 

,,  uric  acid  -  -  -  - 

,,  ammonia 

,,  other  nitrogenous  substances 

Per  Cent. 

80-90 

1*53 

4*20 

4*11 

|  (Kotscharowski) 

8*5  (Sjokvost) 

17*1 

Hence  the  new-born  infant’s  urine  contains  a  relatively  high 
percentage  of  nitrogen  in  the  form  of  undetermined  substances. 
Further,  the  proportion  between  uric  acid  nitrogen  and  urea  nitrogen 
is  higher  in  the  new-born. 

The  relatively  high  specific  gravity  of  the  new-born  baby’s  urine 
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is  due  not  only  to  the  large  amount  of  salts,  but  also  to  the  small 
amount  of  water. 

The  Toxicity  of  the  Urine. 

Gein 1  determined  the  toxicity  of  the  new-born  infant’s  urine 
by  injecting  it  subcutaneously  into  mice.  Kotscharowski  used 
Bouchard’s  method  in  rabbits.  Both  found  that  the  urine  of  the 
new-born  is  distinctly  more  toxic  than  that  of  the  suckling,  and  is 
also  more  toxic  than  that  of  the  adult.  This  toxicity  is  most  marked 
between  the  second  and  fourth  day.  Gundobm  is  of  opinion  that 
the  loss  of  weight  of  the  new-born  infant,  as  well  as  the  relatively 
high  percentage  of  nitrogen  in  the  form  of  uric  acid  and  ammonia, 
together  with  the  insignificant  amount  of  potassium  salts  in  its  urine, 
force  upon  one  the  conclusion  that  the  greater  toxicity  of  the  urine 
in  the  new-born  is  due  to  toxic  substances  which  have  their  origin 
in  the  infant’s  tissues. 

Freezing  Point  of  Urine  (/\)  (Lesne  and  Merklen). 

At  birth  -  -  -  0°  C. 

,,  one  month  -  -  —  0T3°  to  0‘35°  C. 

,,  two  months  -  -  —0*21°  to  0*78°  C. 

Abnormal  Constituents  in  the  Urine  of  the  New-born. 

Albumen. — French  and  German  investigators  differ  in  their 
opinion  with  regard  to  the  presence  of  albumen  in  the  urine  of  the 
new-born.  The  French  scientists  believe  that  albuminuria  in  the 
new-born  is  the  exception,  whilst  the  Germans  believe  it  to  be 
the  rule.  Flensburg2  examined  the  urine  of  150  new-born  babies 
and  found  the  presence  of  albumen  during  the  first  four  days  in 
100  per  cent.,  and  from  the  fourth  to  the  fourteenth  day  in  20  per 
cent. 

The  urine  of  the  new-born  also  contains  an  excess  of  uric  acid 
salts,  as  well  as  hyaline  and  granular  cylindrical  casts. 

According  to  the  majority  of  the  French  observers  the  presence 
of  albumen  in  the  urine  of  the  new-born  occurs  only  in  cases  where 
the  mothers  suffered  from  albuminuria,  whilst  others  believe  that  it 
may  occur  as  the  result  of  venous  stasis.  Sesenewski 3  examined 
catheter  specimens  of  urine  drawn  from  fifty  new-born  female 
infants.  He  used  Heller’s  test,  Roberts’  reagent,  as  well  as  the 
heating  test,  and  he  found  the  presence  of  albumen  in  30  per  cent, 
of  cases,  whilst  mucin  he  found  in  all  the  cases. 

1  Inaug.  Dissert.,  St  Petersburg,  1904. 

2  Cited  by  Gundobin,  op.  cit.,  p.  373. 

3  Graduation  Thesis,  St  Petersburg,  1902  (Russian). 
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Days. 

Albumen. 

Mucin. 

Per  Cent. 

Per  Cent. 

1 

30 

98 

2 

12 

84 

3 

8 

82 

4 

8 

80 

5 

6 

66 

6 

0 

44 

1-6 

10 

79 

The  presence  of  mucin  is  explained  by  the  fact  that  the  bladder 
of  the  new-born  infant  is  relatively  richly  vascular  and  more  developed 
than  the  muscle  layer  (see  p.  504).  The  mucous  glands  of  the 
urethra  are  developed  at  birth,  and  their  ducts  contain  secretory 
products.  Further,  the  small  quantity  of  NaCl  in  the  new-born 
infant’s  urine  favours  the  presence  of  mucin. 

The  Cause  of  the  Albuminuria. 

This  has  been  differently  explained  by  different  authors. 
According  to  some,  like  Virchow,  Martin,  and  others,  it  is  due  to  a 
disturbance  in  the  renal  circulation,  whilst  other  observers,  like 
Kjellberg,  Hoffmeier,  and  Flensberg,  attribute  it  to  the  irritation  of 
the  excessive  uric  acid  crystals.  Jacobi1  ascribes  it  to  a  variety 
of  factors,  viz.,  asphyxia,  intestinal  disturbances,  congestion  due  to 
careless  bathing  of  the  infant,  as  well  as  imperfect  development 
of  the  renal  blood  vessels.  Sesenewski 2  believes  that  the  duration 
of  labour  has  something  to  do  with  it.  Thus,  out  of  19  cases  in 
which  labour  lasted  more  than  twelve  hours,  10  showed  the  presence 
of  albumen,  whilst  out  of  31  cases  in  which  labour  lasted  less  than 
twelve  hours,  albuminuria  occurred  in  6  only.  As  to  why  prolonged 
labour  should  cause  albuminuria  in  the  infant,  Scbreiber3  performed 
the  following  experiment.  He  compressed  the  thorax  of  26  healthy 
young  people  for  two  hours,  and  he  found  albuminuria  (up  to  2  per 
cent.)  in  22  of  those  cases,  which  lasted  from  one  to  three  hours. 
He  therefore  explains  the  albuminuria  of  the  new-born  to  be  due  to 
compression  of  the  thorax  during  birth. 

As  to  uric  acid  irritation  being  a  cause  of  albuminuria  it  is  to  be 

1  New  York  Med.  Journ. ,  1896. 

2  Op.  cit. 

3  Arch.  exp.  Pathol .,  19,  1885. 
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remarked  that  Kotscharowski  found  a  very  high  percentage  of  uric 
acid  in  the  urine  of  20  new-born  infants  without  finding  albumen 
in  any  one  of  them.  Further,  cases  of  albuminuria  occur  without  a 
concurrent  excess  of  uric  acid. 

Origin  of  Uric  Acid  Infarct  in  the  Urine  of  the  New-born. 

This  may  be  one  or  more  of  the  following 

(1)  The  inability  of  the  infant’s  kidneys  to  secrete  all  the  uric 

acid,  thus  causing  some  of  it  to  be  deposited. 

(2)  The  excess  of  white  blood  corpuscles  in  the  new-born 

(see  p.  169)  whose  disintegration  causes  a  deposition 
of  uric  acid. 

Sugar. — Milk  sugar  (lactose)  is  occasionally  found  in  the  urine 
of  healthy  infants  during  the  first  two  months  of  life.  VonFiirth1 
believes  the  lactosuria  to  be  referable  to  an  insufficiency  of  enzymic 
milk-sugar  cleavage  in  the  intestine. 


SECTION  VI 

Acidosis  of  Birth. 

We  have  seen  that,  according  to  Ylppo,  the  infant  is  born  in  a  state 
of  acidosis  (see  pp.  167  and  1 7 2).  Ylppo  goes  further  and  discusses  the 
question  as  to  “  What  is  the  cause  of  this  birth  acidosis  1  ”  We  know 
that  a  similar  condition  exists  in  the  mother  during  pregnancy,  and 
the  question  that  arises,  therefore,  is,  what  is  the  relationship  between 
the  acidotic  state  of  the  mother  and  that  of  the  infant  ?  The  fact 
that  the  acidosis  of  pregnancy  disappears  soon  after  the  evacuation 
of  the  uterus,  whilst  that  of  the  infant  Ylppo  finds  to  last  for  a 
couple  of  months  and  to  return  on  the  slightest  provocation,  shows 
that  the  acidosis  of  the  fcetus  is  the  primary  condition,  and  that 
the  acidosis  of  pregnancy  is  probably  due  to  an  intoxication  from  the 
fcetus.  What  exactly  is  the  cause  of  the  acidosis  in  the  infant  is 
not  quite  clear.  It  is  probably  due  to  the  imperfect  metabolic 
activity  of  the  infant’s  organs. 

Very  recently  Seham  2  determined  the  C02  tension  in  the  alveolar 
air  of  new-born  infants  (from  one  hour  to  thirty-two  weeks  old), 
including  two  premature  infants  of  seven  and  eight  months’  foetal  life 
respectively,  by  means  of  a  modified  Plesch’s  method.  This  consists 
in  allowing  the  infants  to  breathe  a  certain  amount  of  air,  say  50  c.c., 
in  and  out  of  a  bag,  for  about  thirty  seconds.  In  this  way  equilibrium 

1  “Chemistry  of  Metabolism,”  p.  285. 

“  Amer.  J ourn .  Dis.  Child.,  18,  1919. 
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is  obtained  between  the  gases  in  the  alveoli  and  those  in  the  bag.  He 
found  the  C02  tension  in  them  to  be  about  the  same  as  in  adults, 
viz.,  40  mm.  (corresponding  to  a  percentage  of  5*6).  Now,  as  in 
cases  of  acidosis  in  infants,  Howland  and  Mack  Marriott 1  found  the 
C02  tension  in  the  alveolar  air  to  be  much  less,  viz.,  18-33  mm., 
Seham  disputes  Ylppo’s  findings  of  an  acidotic  state  at  birth. 

SECTION  VII 

Icterus  Neonatorum. 

Jaundice  occurring  in  the  new-born  infant  may  belong  to  one 
of  two  varieties.  It  may  be  pathological  when  it  is  due  to  some 
lesion  resulting  in  an  obstruction  to  the  passage  of  bile  from 
the  liver  to  the  intestine,  with  consequent  biliary  absorption  into 
the  blood.  Such  jaundice  is  generally  fatal.  As  an  example  of 
this  may  be  mentioned  congenital  obliteration  of  the  bile  ducts. 
The  usual  form  of  jaundice  in  infants,  however,  is  the  idiopathic 
or  physiological  variety,  which  appears  a  few  days  after  birth,  and 
after  persisting  for  a  few  days  disappears  without  in  any  way  inter¬ 
fering  with  the  health  of  the  infant.  It  is  the  commonest  kind  in 
new-born  infants,  occurring  as  it  does,  according  to  the  estimates  of 
different  observers,  to  the  extent  of  between  15  per  cent.  (Seux)  and 
100  per  cent.  (Brechet)  of  all  new-born  infants.  The  wide  divergence 
between  such  figures  is  to  be  accounted  for  partly  by  the  fact  that 
some  very  slight  cases  may  be  overlooked. 

Cause  of  the  Jaundice. — For  many  years  the  mode  of  production 
of  the  idiopathic  variety  of  icterus  has  been  a  subject  of  much  lively 
controversy  amongst  investigators.  It  will  be  impossible  to  go 
deeply  into  a  discussion  of  the  various  theories  here,  but  it  will  not 
be  out  of  place  to  consider  some  of  the  more  important  theories 
that  have  been  suggested. 

The  various  theories  put  forward  may  be  divided  into  two  main 
groups,  viz. : — 

(a)  Anatomical \  i.e.,  those  which  attempt  to  explain  it  on 

some  special  anatomical  peculiarity  of  the  new-born 
infant. 

(b)  Physiological ,  or  those  which  are  believed  to  depend  on 

the  special  peculiarities  of  the  physiology  of  the  neo¬ 
natal  state. 

{a)  Anatomical. 

The  most  plausible  of  the  anatomical  theories  is  that  of 
1  Proc.  Soc.  Exp.  Biol.,  12,  1914-15. 
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Quincke,1  who  ascribes  the  jaundice  to  a  transference  of  bile  pig¬ 
ments  from  the  pigment-containing  meconium  in  the  intestines  to 
the  blood  by  means  of  the  patent  ductus  venosus. 

Bile  pigments  are  normally  absorbed  into  the  portal  blood  and 
brought  to  the  liver,  but  when  the  ductus  venosus  is  open  part  of 
these  absorbed  pigments  enters  the  systemic  circulation  through  the 
patent  duct.  The  reason  that  the  foetus  is  not  jaundiced  is,  accord¬ 
ing  to  this  theory,  that  during  intra-uterine  life  the  secretion  of  bile 
is  slight,  and  also  because,  on  account  of  the  constant  interchange 
between  the  foetal  and  the  maternal  bloods,  the  accumulation  of  bile 
in  the  foetal  blood  is  prevented. 

This  theory  which,  according  to  Heubner  and  V.  Reuss,  is  one 
of  the  most  plausible  theories  suggested,  is  not  based  upon  any 
experimental  evidence. 

Moreover,  the  following  considerations  make  the  theory  altogether 
untenable : — 

(i.)  The  expulsion  of  meconium  at  birth  (e.g.,  in  cases  of  intra- 
natal  asphyxia)  does  not  hinder  the  onset  of  icterus. 

(ii.)  At  least  half  of  the  pigment  contained  in  meconium  is 
biliverdin,  but  spectrophotometric  analysis  of  the  blood  in  the 
umbilical  cord  fails  to  reveal  the  presence  of  biliverdin  (Ylppd2). 
The  contention  that  reduction  of  the  biliverdin  into  bilirubin  takes 
place  inside  the  blood  cannot  be  entertained,  inasmuch  as  it  has 
been  shown  experimentally  in  animals  that  such  reduction  never 
takes  place  in  the  blood. 

(iii.)  Bilirubin  given  to  young  infants  and  animals  by  the  mouth 
can  never  be  demonstrated  in  the  blood.  Nearly  all  is  excreted  in 
the  bile  and  some  of  it  is  excreted  in  the  urine. 

(iv.)  Some  cases  of  icterus  persist  for  several  weeks,  in  spite  of 
the  fact  that  at  that  age  the  ductus  venosus  is  completely  obliterated. 
Ylppo  has  had  a  case  of  prolonged  icterus  in  a  premature  infant 
which  lasted  until  death,  and  post  mortem  the  ductus  venosus  was 
found  closed. 

(v.)  Lastly,  the  explanation  of  the  non-occurrence  of  jaundice 
during  foetal  life  on  the  supposition  that  accumulation  of  bile  in  the 
foetal  blood  is  prevented  on  account  of  the  transference  of  bile  from 
the  foetus  to  the  mother  through  the  placenta  cannot  be  maintained, 
for  the  following  reasons  : — 

(a)  The  placenta  does  not  allow  such  transfer  of  bile  either  in 
centrifugal  or  centripetal  direction.  This  is  evident  from  the  follow¬ 
ing  facts  : — 

1  Arch.  f.  exp.  Path.  u.  Pharm. ,  19,  1883. 

2  Zeitschr.  f.  Kinder hei Ik ,  9,  1913. 
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(1)  Maternal  blood  during  pregnancy  contains  no  excessive 

amount  of  bile  pigment.  On  the  contrary,  the  bile 
content  of  maternal  blood  remains  constant  before, 
during,  and  after  delivery. 

(2)  In  cases  of  maternal  jaundice,  infants  are  not,  as  a  rule, 

born  with  jaundice. 

(3)  Experimental  ligature  of  the  common  bile  duct  in 

pregnant  animals  gives  rise  to  maternal  but  not  to 
foetal  jaundice  (Kehrer1). 

(ft)  Though  very  young  foetuses  do  not  suffer  from  jaundice,  this 
condition  is  very  common  in  foetuses  born  during  prematurity  at 
seven  or  eight  months. 

(b)  Physiological. — These  may  be  divided  into  three  classes  : — 

1.  Hcematogenous ,  which  attribute  jaundice  to  changes  occurring 
in  the  blood  with  liberation  of  haemoglobin,  which  latter  breaks  up 
into  bile  pigments  in  the  blood  itself  (Leuret 2).  All  such  theories, 
however,  must  be  abandoned  after  the  well-known  experiments  of 
Minkowski  and  Naunyn,  M‘Nee,  which  show  that  administration  of 
drugs,  such  as  arseniuretted  hydrogen  or  toluyelene  diamine,  which 
produce  jaundice  as  the  result  of  the  destruction  of  erythrocytes, 
fails  to  give  rise  to  jaundice  after  extirpation  of  the  liver.  Hence, 
any  theory  which  leaves  the  action  of  the  liver  out  is  untenable  in 
the  light  of  these  experiments. 

2.  Hepatogenoics. — These  theories  attribute  the  jaundice  to  some 
obstruction  to  the  outflow  of  bile.  Virchow  ascribes  it  to  catarrhal 
swelling,  or  obstruction  by  a  plug  of  mucus,  of  the  common  bile 
duct.  Cruse  surmises  an  obstruction  due  to  desquamated  epithelium 
of  the  mucous  membrane  of  the  bile  ducts.  Birch-Hirschfelder 
assumes  an  oedema  of  Glisson’s  capsule,  which  compresses  the  bile 
ducts ;  whilst  Knopfelmacher,3  whose  theory  is  the  most  plausible 
of  all  the  hepatogenous  theories,  says  that,  on  account  of  the  greater 
viscosity  of  the  bile  in  new-born  infants,  stasis  of  the  outflow  of 
bile  occurs,  with  consequent  absorption  into  the  blood.  Pacchimi 4 
puts  forth  a  similar  theory,  and  believes  the  cause  of  the  greater 
viscosity  of  bile  at  birth  to  lie  in  the  loss  of  water  from  the  tissues 
of  the  infant  (see  p.  278).  Hess5  supports  Knopfelmacher’s  theory 
on  the  strength  of  his  researches  with  the  duodenal  catheter.  He 

1  Arch,  f  Gynakol. ,  81,  1907. 

2  Dissert.,  Bordeaux,  1904. 

3  Jahrb.  f.  Kinderheilk ,  67,  1908. 

4  Rivista  di  chnica  pediatr. ,  9,  1911. 

5  A/ner.  [own.  Dis.  Child . ,  1912,  p.  304,  and  11,  1916. 
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finds  that  the  duodenum  at  birth  (in  124  new-born  infants)  contains 
no  bile  during  the  first  twelve  post-natal  hours.  He  therefore 
concludes  that  the  occurrence  of  jaundice  results  from  a  defective 
correlation  between  excretion  and  secretion. 

The  criticism  that  applies  to  all  these  hepatogenous  theories  is 
that  there  is  no  real  scientific  evidence  in  favour  of  any  of  them. 
The  same  applies  to  the  sepsis  theory ,  which  assumes  that,  as  a  result 
of  infection  either  from  the  umbilical  cord  or  from  the  intestines, 
the  liver  cells  are  injured,  allowing  bile  to  transude  from  them  into 
the  blood  stream. 

3.  Hcematohepatogenous. — According  to  these  there  is  an  in¬ 
creased  destruction  of  red  cells  in  icteric  infants.  As  a  result  of 
this  the  liver  receives  more  material  for  the  manufacture  of  bile. 
As,  however,  the  bile  is  tenacious,  the  liver  cannot  expel  it  into 
the  gall  bladder  or  duodenum,  and  some  of  it  is  absorbed  into  the 
blood.  The  evidence  in  favour  of  these  theories  may  be  put  under 
the  following  headings  : — 

(1)  The  red  cells  of  the  new-born  show  greater  vulnerability. 

(2)  The  blood  serum  of  the  new-born  infant  contains  hremo- 

lysins,  which  can  dissolve  even  corpuscles  of  normal 
resistance. 

(3)  The  polycythaemia  of  birth  greatly  diminishes  during 

the  first  few  days  of  life. 

The  great  point  against  the  haemohepatogenous  theories,  however,' 
is  that  there  is  no  evidence  that  red  cells  are  destroyed  during 
the  early  days  of  life.  The  diminution  in  the  blood  count  is 
probably  more  apparent  than  real,  and  may  be  due  to  the  increased 
amount  of  water  in  the  blood,  which  haemorefractometric  observa¬ 
tions  have  shown  to  be  the  case  (see  p.  423). 

In  order  to  settle  the  point,  Ylppo  undertook  a  most  pains¬ 
taking,  elaborate,  and  well-conceived  research  with  the  idea  of 
following  the  course  of  the  bile  from  its  seat  of  formation  in  the 
liver  round  the  body,  in  premature  and  mature  new-born  infants, 
both  icteric  and  non-icteric.  He  examined  six  full-term  infants  with 
varying  degrees  of  jaundice,  two  full-term  non-icteric  infants,  and 
two  premature  infants  (bom  six  to  eight  weeks  before  full  term). 
Immediately  after  delayed  tying  of  the  cord,  he  placed  them  in 
metabolism  beds  and  kept  them  under  observation  for  thirteen 
days.  He  collected  all  the  meconium,  faeces,  and  urine  passed  by 
them,  and  estimated  photometrically  the  amount  of  the  biliary 
pigments  in — 
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(a)  the  blood  of  the  umbilical  cord  ; 

(■ b )  the  maternal  blood  ; 

(c)  the  infant’s  urine,  meconium,  and  faeces. 

He  found  the  following  results  : — 

1.  The  meconium  of  the  premature  (seven  to  eight  months’) 
foetuses  contains  no  more  than  4  mg.  of  bile  pigment,  whilst  that 
of  full-term  new-born  foetuses  contained  as  much  as  33  mg.  Now, 
as  we  have  already  seen  that  the  placenta  does  not  allow  the  trans¬ 
ference  of  bile  from  or  to  the  foetus,  it  is  clear  that  the  amount  of 
pigment  found  in  the  meconium  represents  the  total  amounts  formed 
during  the  whole  period  of  the  pre-natal  life  of  the  foetus.  Hence, 
Ylppo  concludes  that  the  greatest  amount  of  bile-pigment  formation 
occurs  during  the  last  foetal  month. 

2.  During  the  first  thirteen  days  of  post-natal  life  the  total 
amount  of  bile  pigment  excreted  in  the  urine  and  faeces  amounted 
to  140  mg.,  of  which  0*5-1  *6  per  cent,  (varying  with  the  intensity 
of  the  icterus)  is  excreted  in  the  urine  of  icteric  infants,  and  only 
0*1  per  cent,  in  that  of  non-icteric  infants. 

3.  The  total  amount  excreted  shows  no  marked  difference 
between  the  icteric  and  non-icteric  infants,  and  there  is  also  no 
agreement  between  the  intensity  of  the  jaundice  and  the  amount  of 
pigment  excreted. 

Hence ,  Ylppo  concludes  that  all  hcematohepatogenous  theories  which 
are  based  on  the  assumption  that  icterus  is  due  to  the  destruction  of 
red  cells ,  must  be  ruled  out  as  untenable. 

In  order  to  test  the  validity  of  hepatogenous  theories,  Ylppo 
examined  the  blood  of  sixty-one  infants,  of  whom  eighteen  were 
premature  and  two  were  seven  months’  stillborn  foetuses.  He 
found  the  following  results  : — 

1.  The  content  of  foetal  blood  in  bile  pigments  is  relatively 
greater  than  that  of  the  adult  (15*5-20*10~5  gm.  as  against  3- 
9T0-5  gm.  per  100  c.c.  of  blood). 

2.  At  the  moment  of  birth  there  is  a  still  greater  increase  (13- 
60T0-6  gm.  per  100  c.c.  of  blood),  which  is  independent  of  the 
length  and  severity  of  the  parturition  or  of  infection  from  any 
source. 

3.  Those  infants  which  had  an  especially  high  biliary  pigment 
content  in  the  blood  of  the  umbilical  cord  all  became  jaundiced 
while  those  which  had  a  very  small  amount  of  pigment  had,  as  a 
rule,  no  jaundice. 

4.  After  birth  the  amount  of  biliary  pigment  in  the  blood  rose  in 
each  infant.  This  increase  lasted  three  to  ten  days. 
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5.  The  threshold  value  of  pigment  content  in  the  blood  was 
125-10~5  per  100  c.c.  Any  amount  higher  than  that  gave  rise  to 
icterus. 

6.  The  intensity  of  the  icterus  varies  directly  with  the  amount 
of  bile  pigment  in  the  blood  (the  fluctuations  were  between  125- 
800T0-3  gm.  per  100  c.c.). 

7.  Infants  in  whom  the  pigment  content  of  the  blood  ceases 
to  rise  after  the  third  day,  and  in  whom  the  threshold  value  has 
not  been  surpassed,  show  no  icterus. 

8.  The  premature  infants  generally  had  a  high  bile-pigment 
content  in  their  blood  :  the  increase  in  them  lasted  six  to  ten  days, 
and  the  threshold  value  is  surpassed  for  several  weeks. 

9.  The  fact  that  the  percentage  of  circulating  bile  pigment  begins 
to  increase  before  birth  shows  that  post-natal  circulatory  changes 
have  nothing  to  do  with  the  icterus. 

Ylppo,  therefore,  concludes  that  the  icterus  neonatorum  is  of 
hepatogenous  origin ,  and  is  due  to  the  fact  that  the  liver  of  the 
new-born  infant  remains  permeable  to  bile  pigment  for  some  time 
after  birth.  That  the  liver  is  still  imperfectly  functionating  at  birth 
is  seen  from  the  fact  that  it  also  allows  incompletely  broken-down 
albumen  radicles  to  pass  into  the  general  circulation,  whence  they 
are  excreted  in  the  urine  (see  pp.  510  and  511).  The  mature  liver, 
under  normal  conditions,  secretes  its  bile  into  the  bile  capillaries, 
but  the  foetal  liver  secretes  it  into  the  blood  stream.  The  more 
mature  the  liver  is  at  birth  the  less  liable  the  infant  will  be  to 
icterus  and  vice  versa.  Hence,  in  the  premature  infants,  jaundice 
is  always  present. 

Ylppo  confirmed  his  results  by  observations  on  new-born  animals 
in  the  Zoological  Garden  in  Berlin.  He  found  that  none  of  these 
ever  suffered  from  icterus  neonatorum,  with  the  exception  of  the 
horse ;  and  the  horse  is  the  only  animal  (in  addition  to  man) 
in  which  bilirubin  can  be  demonstrated  as  circulating  in  the  blood 
of  the  umbilical  cord,  showing  that  icterus  neonatorum  depends 
only  on  the  presence  of  circulating  bile  pigments  in  the  blood. 

Ada  Hirsch 1  comes  to  similar  conclusions. 


1  Zeitschr.  f  Kinder heilk,  9,  1913. 
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“A  few  gallons  of  water,  a  few  pounds  of  carbon  and  lime,  some  cubic  feet  of 
air,  an  ounce  or  two  of  phosphorus,  a  few  drams  of  iron,  a  dash  of  common  salt, 
a  pinch  of  sulphur,  a  grain  or  more  of  each  of  several  hardly  essential  ingredients, 
and  we  have  man  according  to  Berzelius  and  Liebig.  .  .  .  The  wisest  brain,  the 
fairest  face,  and  the  strongest  arm,  before  or  since  Ulysses  and  Helen  and 
Agamemnon,  were  or  are  made  up  of  these  same  elements,  not  twenty  in  number, 
and  scarcely  a  third  of  the  simple  substances  known  to  the  chemist.  The  test 
tube,  and  the  crucible,  and  the  balance  which  ‘  cavils  on  the  ninth  part  of  a  hair 
have  settled  that  question.”  Oliver  Wendell  Holmes. 

On  comparing  the  composition  of  the  body  of  the  new-born  infant 
with  that  of  the  adult  we  find  that,  while  that  of  the  adult  consists 
of  approximately  66  per  cent,  of  water  and  34  per  cent,  of  solids, 
that  of  the  new-born  baby  consists  of  some  72  per  cent,  of  water  and 
only  28  per  cent,  of  solids.  Moreover,  whilst  the  percentages  of  the 
inorganic  and  the  organic  parts  of  the  solids  in  the  new-born  baby 
are  respectively  2*7  and  25-3,  those  in  the  adult  are  4-4  and  29'6. 
We  see,  therefore,  that  the  body  of  an  infant  is  richer  in  water,  but 
contains  (relatively)  only  about  J  (i.e.,  *  )  of  ash  as  compared  with 

that  of  an  adult.  In  order  to  study  in  greater  detail  the  differences 
in  composition  between  the  body  of  a  new-born  baby  and  that  of  an 
adult,  I  give  the  average  composition  of  an  infant  as  found  by  Camerer 
and  Soldner1  in  an  analysis  of  six  normal  new-born  infants,  side  by 
side  with  the  average  composition  of  an  adult  as  found  by  Volkman. 


Infant. 

Adult. 

x  •  f  water 

Inorganic-)  ash  _  _ 

f carbon  - 

Organic  hydr0Sen  ' 

&  nitrogen 

V oxygen  - 

71-8 

2-7 

15-9 

2-38 

1-98 

5*30 

65-9 

4.4 

18-4 

2-7 

2-6 

6-0 

100-06 

100-0 

1  “  Die  Chem.  Zusammensetz  des  Neugeborenen,”  Zeitschr.  f  Biol.,  39,  1900, 
173  ;  40,  529. 
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Comparing  the  percentage  composition  of  the  infant  and  the 
adult  in  terms  of  the  various  organic  constituents  we  get  the  following 
result  (the  figures  for  adults  being  given  in  round  numbers) : — 


Infant. 

Adult. 

T  .  f  water 

Inorgan, clash  _  . 

71-8 

2-7 

66 

4 

/protein  - 

11-7 

16 

f  fat 

12-3 

13 

rgamc  \  carbohydrate 

•0 

1 

(extractives 

1-5 

0 

100 

100 

The  figures  of  Camerer  and  Soldner  are  in  agreement  with  those 
previously  published  by  Hugounenq,  De  Lange,  Graciosa,  and 
Michl. 

From  these  tables  we  see  that  the  body  of  the  new-born  infant 
is  relatively  richer  in  water  than  that  of  the  adult,  and  that  while  the 
body  of  the  infant  contains  more  fat  than  protein  that  of  the  adult 
contains  more  protein  than  fat. 


New-born  Infant. 

Adult. 

Skeleton 

16*7 

15-35 

Muscle 

- 

23-4 

43-09 

Skin  - 

- 

1T3 

6-3 

Brain  - 

- 

14-34 

2-37 

Spinal  cord 

- 

0-20 

0-067 

Eyes  - 

- 

0-28 

0-023 

•Salivary  glands  - 

- 

0-24 

0-12 

Thyroid 

- 

0-24 

0-05 

Lungs 

- 

2-16 

2-01 

Heart- 

- 

0-89 

0-52 

Thymus 

- 

0-54 

0-0086 

Stomach  and  intestines 

2-53 

2-34 

Pancreas 

- 

0-12 

0-15 

Liver  - 

- 

4-39 

2-77 

Spleen 

- 

0-41 

0-346 

Suprarenals 

- 

0-31 

0-014 

Kidneys 

- 

0-88 

0-48 

Testes 

0-037 

0-08 
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The  relative  poverty  of  the  infant  in  nitrogenous  substances 
(protein  and  extractives)  is  due  to  the  fact  that  the  infant  con¬ 
tains  a  relatively  small  amount  of  muscle.  This  is  seen  from 
the  table  on  p.  311  given  by  Vierordt,  in  which  the  percentage 
weights  of  the  various  organs  are  compared  for  the  infant  and 
the  adult. 

From  this  table  we  see  that  while  the  skeleton  in  each  case 
represents  approximately  one-sixth  the  weight  of  the  body,  the 
muscles  represent  approximately  one-quarter  of  the  weight  of  the 
body  in  the  infant,  but  nearly  half  the  weight  of  the  body  in  the 
adult.  We  shall,  however,  see  presently  that  the  chemical  com¬ 
position  of  the  infant’s  skeleton  differs  markedly  from  that  of  the 
adult. 

Sommerfeld  1  and  Steinitz 2  investigated  the  water,  nitrogen,  and 
total  ash  contents  of  normal  and  marasmic  infants,  and  found  the 
following  results :  — 


Water. 

Dry  Substitute. 

Fat. 

Ash. 

Nitrogen. 

Sommerfeld 

70-15 

29-85 

13-11 

2-73 

2-27 

(normal  child) 
Steinitz  (maras- 

71-90 

20-10 

1-45 

2-73 

2-32 

mic  child) 

From  these  analyses  it  is  clear  that  in  wasting  it  is  the  fat  of  the 
infant’s  body  that  is  used  up,  but  the  functionally  important  con¬ 
stituents,  viz.,  ash  and  nitrogen  contents,  are  not  affected.  For 
further  discussion  of  the  results  of  the  chemical  analysis  of  marasmic 
infants,  see  Von  Noorden’s  “  Metabolism  and  Practical  Medicine,” 
Vol.  III.,  pp.  834-837. 

I  have  so  far  compared  the  chemical  composition  of  the  infant’s 
body  with  that  of  the  adult.  It  would  be  interesting  now  to  compare 
the  chemical  composition  of  the  body  of  the  new-born  baby  with 
that  of  the  foetus  at  different  ages.  The  following  table,  which  I 
have  already  quoted  in  Chap.  IX.,  p.  129,  is  based  upon  Fehling’s 
observations  : — 

1  “  Zur  Kenntniss  der  chem.  Zusammensetz.  des  Kindi.  Korpers  in  ersten 
Lebensjahr,”  Arch.  Kinderheilk ,  20,  253. 

2  “  Uber  den  Einfl  von  Ernahrungs-Storungan  auf  die  chem.  Zusammensetz 
des  Sauglinskorpersf’  Jahrb.  fur  Kinderheilk ,  59,  447. 
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Age. 

Water. 

Ash. 

Fat. 

Protein. 

6  weeks 

97*54 

0*001 

4  months 

- 

91*79 

0*98 

0*57 

4*87 

5 

- 

90-70 

1*4 

0*48 

5*9 

6 

- 

89*2 

1*94 

0-72 

6*67 

7  „ 

- 

82*6 

2*94 

3*47 

11*8 

8  „ 

- 

82*9 

2*82 

2*44 

10*4 

New-born  baby 
months) 

(9 

74-7 

3*3 

8-7 

12*6 

The  interesting  fact  emerges  from  the  table  that  the  younger  the 
foetus,  the  greater  is  the  percentage  of  water  it  contains.  In  other 
words,  from  the  earliest  weeks  of  intra-uterine  life  till  adult  age,  there 
is  a  gradual  diminution  in  the  water  contents  of  the  body,  whilst  the 
percentage  of  ash  gradually  increases.  This  is  fact  of  the  utmost 
importance ;  for,  as  we  shall  see  later,  the  total  chemical  changes 
going  on  in  the  body  (viz.,  metabolism)  is  greater  in  the  foetus  than 
in  the  infant,  and  in  the  infant  than  in  the  adult,  because  the  higher 
the  percentage  of  water  the  easier  are  the  processes  of  metabolism. 
We  see  further,  from  this  table,  that  the  mineral  constituents  increase 
from  T001  per  cent,  at  six  weeks  to  3*3  per  cent,  at  full  term ; 
the  fat  increases  from  0*57  per  cent,  at  four  months  to  8*7  per  cent, 
at  full  term  ;  and  the  nitrogenous  matter  increases  from  4*87  per  cent, 
at  four  months  to  12-6  per  cent,  at  full  term.  Thiemich,1  experi¬ 
menting  on  foetal  dogs,  found  that  the  kind  of  fat  given  to  the 
mother  does  not  affect  the  fat  in  the  foetus. 

Karl  Thomas 2  investigated  the  composition  of  various  animals  at 
various  ages,  and  came  to  the  following  conclusions  : — 

1.  The  fat  content  of  new-born  animals  is  extraordinarily  small, 
and  increases  during  the  first  two  to  three  “  doubling  ”  periods  (/.<?., 
the  period  during  which  the  animal  doubles  its  weight)  two  and  a  half 
times  as  quickly  as  the  nitrogen  content.  On  the  other  hand,  those 
animals  which  can  maintain  their  body  temperature  at  birth  are  rich 
in  fat. 

2.  The  ash  content  of  the  bone  increases  with  increasing  age  in 
proportion  to  the  nitrogen  increase. 

3.  The  fat  and  tissues  other  than  bone  are  very  rich  in  water  in 
early  life. 

The  following  table  is  given  by  S.  Hatas  3  : — 

1  Centralbl.  f.  Physiol . ,  xii. ,  1899,  850. 

2  Arch,  f  Physiol.,  1911,  pp.  9-38. 

Amer.  Journ.  Anatomy,  21,  1917,  p.  33. 
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Age. 

Water. 

Protein. 

Fat. 

Ash. 

Foetus,  5J  months  - 

86-9 

84 

1*3 

2-4 

7 

55  '  55 

8L8 

10-4 

3-2 

2-9 

,,  9  ,,  (at  birth) 

72-7 

11  *8 

10-7 

2-6 

Infant,  28  days 

69-7 

13-9 

13-1 

3*1 

The  exact  percentage  composition  of  the  ash  of  the  infant’s  body 
is  a  matter  of  great  interest  from  the  point  of  view  of  Bunge’s 
theory.  Bunge  found  that  in  many  mammals  the  composition  of 
the  ash  of  the  new-born  closely  resembled  that  of  its  mother’s  milk, 
with  the  exception  of  the  iron,  as  the  following  table  shows  : — 


Rabbit, 
Fourteen 
Days  Old. 

Rabbit’s 

Milk. 

Rabbit’s 

Blood. 

Rabbit’s 

Blood 

Serum. 

Potash,  K.,0 

10-8 

104 

23-8 

3*2 

Soda,  Na^O 

6-0 

7-9 

31  -4 

54-7 

Lime,  CaO 

350 

35-7 

0-8 

1-4 

Magnesia,  MgO 

2*2 

2-2 

0-6 

0-6 

Iron  oxide,  Fe90.^ 

0-23 

0-08 

6-9 

0 

Phosphoric  acid,  P205  - 

41*9 

39-9 

1M 

3-0 

Chlorine,  Cl 

4-9 

5-4 

32-7 

47-8 

He  therefore  argued  that  the  cells  of  the  mammary  gland  pick 
out  from  the  blood,  in  exactly  the  right  proportion,  those  salts  which 
the  offspring  needs  for  the  purpose  of  growth. 

A  comparison,  however,  between  the  composition  of  the  ash 
of  the  new-born  infant  and  that  of  human  milk  shows  that  Bunge’s 
theory  does  not  apply  to  man  : — 


New-born 

Infants. 

Human 

Milk. 

K.,0 

7-06 

32-4 

Na£,0 

7-67 

13-1 

CaO 

38-08 

13-9 

MgO 

1-43 

L9 

Fe2°3 

0-83 

0-07 

PA 

37-7 

21-3 

Cl 

6-61 

21-7 
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As  a  result  of  such  analysis  Bunge  modified  his  first  theory,  but 
suggests  that  the  close  correspondence  between  the  ash  of  the  new¬ 
born  animal  and  that  of  its  mother’s  milk  is  only  necessary  in  very 
rapidly  growing  animals  like  rabbits,  which  double  their  birth  weight 
in  six  days,  in  order  that  the  greater  part  of  the  constituents  of  the 
milk  may  be  utilised  in  the  building  up  of  the  animal  tissue ;  but  in 
the  slow-growing  human  infant,  which  doubles  its  weight  in  about 
180  days,  there  is  a  divergence  between  the  composition  of  the 
infant’s  ash  and  that  of  the  milk. 

The  Chemical  Composition  of  the  Adipose  Tissue  in  Children. 

Nature  of  Human  Fat. — Human  fat  consists  of  a  mixture  of  the 
triglycerides  of  solid  and  fluid  fatty  acids,  and  chiefly  palmitic, 
stearic,  and  oleic  acids.  The  amount  of  volatile  acids,  like  butyric 
and  caproic  acids,  is  exceedingly  small. 

Olein  [C3H5(CirH33COO)3]  is  fluid  at  ordinary  temperature,  and 
solidifies  into  needle-shaped  crystals  at  -  5°  C. 

Palmitin  [C3H5(C15H31COO)3]  and  stearin  [C3H5(Cl7H35COO)3] 
are  solid  fats,  with  melting  points  of  45°  C.  and  63°  C.  respectively. 
Inside  the  living  human  body  the  fat  is  always  in  the  fluid  state,  on 
account  of  the  amount  of  olein  it  contains. 

Differences  between  the  Fat  of  Adults  and  that  of  Infants. 

Langer1  was  the  first,  in  1881,  to  investigate  the  physical  and 
chemical  differences  between  adult  and  infant  fatty  tissue. 

Adult  Fat  is  a  soft  mass  of  dark  yellow  colour.  Microscopically, 
it  is  seen  in  the  form  of  transparent  drops,  but  rarely  in  the  form  of 
fatty  acid  crystals.  At  room  temperature  it  separates  into  two 
layers,  an  upper  fluid  and  lower  crystalline  layer.  The  various 
fatty  acids  are  present  in  the  following  proportion  :  — 

Oleic  acid  -  -  -  89-8  per  cent. 

Palmitic  acid  -  -  -  8-16  ,, 

Stearic  acid  -  -  -  2*04  ,, 

Infants’  Fat . — This  is  decidedly  more  solid,  of  greyish-white 
colour,  and  does  not  show  any  drops  under  the  microscope.  Its 
melting  point  is  45°  C.  It  is  composed  of : — 

Oleic  acid  -  -  -  67*75  per  cent. 

Palmitic  acid  -  -  -  28-97  ,, 

Stearic  acid  -  -  -  3*28  ,, 

1  “  Sitzungsber.  Mathem.  Naturw.  Classe,  Kgl.  Akacl.,”  1881  (Wien,  1882, 
p.  98). 
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The  relatively  great  proportion  of  the  solid  fatty  acid  in  the 
adipose  tissue  of  young  children  determines  its  higher  melting  point, 
as  well  as  its  easier  solidifications  at  diminished  temperatures. 

Langer  also  attributes  the  pathology  of  sclerema  neonatorum 
to  the  peculiar  properties  of  infants’  fatty  tissue.  Knoepfelmacher  1 
broadly  confirmed  Langer’s  observations.  This  observer  found  that 
the  amount  of  fluid  fatty  acids  rises  from  44*49  per  cent,  at  birth  to 
70*77  per  cent,  at  one  year,  and  that  the  melting  and  solidification 
points  fall  from  birth  onwards  from  43°  C.  and  38°  C.  respectively 
to  ordinary  room  temperature  at  one  year,  at  which  age  there  is 
practically  no  difference  in  character  between  adult  and  infant  fat. 
Knoepfelmacher  also  showed  that  the  composition  of  the  infant  fat 
depends  on  its  situation  in  the  body,  as  well  as  on  the  state  of 
nutrition  of  the  infant.  Thus  the  fat  of  the  sole  of  the  foot  is 
the  same  in  both  infants  and  adults,  and  contains  67*28  per 
cent,  of  oleic  acid,  whilst  the  fat  in  the  infant’s  back  contains 
only  44*49  per  cent,  of  oleic  acid.  Also  well-nourished  babies 
have  a  higher  proportion  of  olein  than  badly-nourished  infants  of 
the  same  age. 

Dobatowkin  2  analysed  the  fat  of  children  at  various  ages  from 
birth  up  to  four  years  old,  and  he  found  the  percentage  of  fluid 
fatty  acid  to  rise  from  52*72  per  cent,  at  birth  to  82*22  per  cent,  at 
four  years.  He  also  found  that  the  further  the  region  of  the  body  is 
from  the  head,  the  higher  is  the  percentage  of  oleic  acid  in  its 
contained  fat.  But  in  an  infant  two  years  old  the  percentage  of 
oleic  acid  in  the  fat  of  the  cheek  was  71*2  per  cent.,  whilst  in  the 
fat  of  the  sole  of  the  foot  the  oleic  acid  was  present  to  the  extent 
of  8*2  per  cent. 

Melting  Points  of  Adult’s  and  Children’s  Fat. 

At  birth  -  -  -  43*5  to  47*4  (Knoepfelmacher). 


At  2  days 
At  2-2J  years 
Adult 


(Randnitz). 


36  (Langer). 


Lehndorff3  analysed  the  thick  layer  of  fat  found  in  babies’ 
cheeks  (the  so-called  sucking  cushion),  and  found  it  to  be  poor  in 
the  easily  assimilable  fatty  acids ;  this  probably  accounts  for  the  fact 

1  Jahrb.  f  Kinderheilk,  1897. 

2  “  Zur  Frage  iiber  die  Chemische  Zusammenstzung  des  Unterhautsfettgewebes 
der  Kinder,”  Dissert.,  St  Petersburg  (1900). 

3  Jahrb.  f.  Kinderheilk ,  lxv.,  1907,  286. 
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that  the  sucking  cushion  remains  in  badly  emaciated  marasmic 
infants  in  whom  the  other  fats  of  the  body  have  practically  dis¬ 
appeared. 

Chemical  Composition  of  Bone. 

We  shall  see  in  the  next  chapter  (p.  321)  that  an  infant’s  bone 
differs  in  its  chemical  percentage  composition  from  that  of  an 
adult.  This  difference  arises  from  the  fact  that  infants’  bone  is 
more  spongy  in  texture  and  contains  more  cartilage.  True  osseous 
tissue,  however,  freed  from  cartilage  and  other  organic  matter, 
has  the  same  composition  at  all  ages,  as  the  following  analyses 
show : — 


Ages. 

Birth. 

Ten  Years. 

Thirty-Six 

Years. 

Seventy-One 

Years. 

Organic  matter 

3337 

32-62 

32-04 

32-94 

Inorganic  matter  - 

66-63 

67-88 

67-96 

67-06 

Bibra  has  found  the  same  to  be  the  case  in  a  foetus  of  seven 
months.  One  can  therefore  say  that  a  particle  of  bone  is  a  definite 
and  not  a  variable  quantity. 

The  organic  matter  of  bone  is  very  persistent ;  as  much  as  14  per  cent,  having 
been  found  in  the  vertebra  of  a  mummy  at  least  3,400  years  old. 

Chemical  Analysis  of  Muscle. 

In  1856  Schlossberger  called  attention  to  the  great  percentage  of 
water  in  the  muscle  of  young  animals.  In  1891  Danilewski  deter¬ 
mined  the  increase  with  age  of  the  phosphorus-containing  albumen 
of  muscle.  Jakubowitch,1  in  1891,  made  a  systematic  analysis  of  the 
muscle  of  foetal  calves.  His  results  show  that  the  nearer  the  foetus 
approaches  term  the  less  becomes  the  percentage  of  water,  and  the 
greater  the  proportion  of  solids  in  its  muscles.  The  total  amount 
of  fat,  lecithin,  and  cholesterin,  as  well  as  of  phosphoric  acid, 
increases,  whilst  that  of  creatinin  decreases,  and  that  of  H2S04  and 
HC1  remains  stationary. 

Baimakoff2  analysed  the  muscles  of  infants  and  calves  from 
birth  up  to  two  years  of  age,  and  found  as  follows  : — 


1  Quoted  by  Gundobin,  op.  cit. 

2  Dissert.,  St  Petersburg,  1904. 
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Age. 

Water. 

Solids. 

Protein. 

Total. 

Globulin. 

Myosin. 

Birth  - 

81*65 

18*35 

11*38 

4*9 

501 

3  months 

79*22 

20-78 

12*22 

2  years 

77-21 

22-79 

13*05 

4*97 

6*41 

The  amount  of  iron  increases  from  0*004  at  birth  to  0*07  at 
two  years.  The  amount  of  phosphorus  increases  only  in  the  calf, 
but  not  in  the  infant,  although  the  analyses  in  this  respect  was 
affected  by  the  pathological  conditions  of  the  infants’  bodies 


CHAPTER  XXIII 


THE  GENERAL  SKELETAL  ANATOMY  OF  THE 
INFANT  AND  FOETUS  COMPARED  WITH 
THAT  OF  THE  ADULT 

“We  are  apt  to  think  .  .  .  that  Lilliput  and  Brobdingnag  are  all  alike, 
according  as  we  look  at  them  through  one  end  of  the  glass  or  the  other.  But 
this  is  by  no  means  so.”  D’Arcy  W.  Thompson.1 

We  have  seen  in  Chap.  I.  that  the  body  of  the  infant  is  not  simply 
that  of  a  miniature  adult,  but  that  its  skeleton,  as  well  as  its  various 
organs,  differ  in  relative  size  and  functional  activity  when  compared 
with  the  corresponding  parts  of  the  adult.  We  shall  devote  this 
chapter  to  a  consideration  of  those  differences  as  far  as  they  concern 
the  various  skeletal  regions.  (See  Fig.  63.) 

Peculiarities  of  the  Skeleton. 

While  there  is  no  difference  in  the  number  of  bones  constituting 
the  skeleton  of  the  adult  and  that  of  the  infant,  each  one  consisting 
of  about  206  bones  in  all,  there  are  very  many  points  in  which  the 
bony  framework  of  the  infant  differs  from  that  of  the  adult.  In 
what  follows  we  shall  describe  the  various  skeleton  regions  of  the 
infant  at  birth,  and  follow  the  changes  through  which  they  pass 
during  the  process  of  growth  from  infancy  to  adult  age. 

General  Differences  between  Infant’s  and  Adult’s  Skeleton. 

1.  In  the  first  instance  there  is  a  large  proportion  of  cartilage 
and  fibrous  tissue  in  the  child’s  skeleton,  and  the  younger  the 
child  the  larger  is  the  proportion.  It  is  this  preponderance  of 
cartilage  that  gives  to  the  child’s  bones  that  comparative  softness 
which  renders  them  liable  to  deformity  when  subjected  to  abnormal 
pressure.  For  example,  in  the  disease  known  as  rickets,  where  the 
softness  of  the  bones  is  particularly  well  marked,  the  limbs  often 
become  bent  as  a  result  of  the  weight  of  the  body,  giving  rise  to 
bow-legs  or  other  deformities.  Similarly,  the  habitual  assumptions 
of  wrong  postures  such  as  occur  when  a  young  baby  is  constantly 
laid  to  sleep  or  carried  in  one  position,  or  when  a  growing  child 
assumes  a  faulty  position  at  school  either  by  twisting  its  spine  whilst 

1  “Growth  and  Form,”  p.  17. 

3*9 
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sitting  at  the  desk,  or  by  dropping  one  hip  when  standing,  may,  and 
often  does,  lead  to  curvature  of  the  spine.  Moreover,  owing  to  their 
softness,  children’s  bones,  instead  of  breaking  right  across  as  the 
result  of  injury,  often  merely  split  like  a  green  stick  without  separating 
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into  two  fragments— giving  rise  to  the  so-called  “green  stick” 
fracture. 

2.  Another  important  peculiarity  of  the  child’s  skeleton  is  the 
fact  that,  throughout  the  body  framework,  we  find  provision  7nade 
for  growth  either  of  the  bones  themselves  or  of  the  organs  which 
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they  enclose.  Thus  the  bones  of  the  skull,  instead  of  being  firmly 
united  to  one  another,  as  they  are  in  the  adult,  are  loosely  connected 
together  by  membrane,  leaving  considerable  spaces  between  the 
edges.  This  lack  of  rigidity  not  only  allows  the  necessary  moulding 
of  the  head  during  its  passage  through  the  maternal  passages  at  birth, 
but  also  gives  ample  scope  for  the  brain  to  grow  and  develop. 

3.  The  bones  of  the  child  also  differ  chemically  from  those  of 
the  adult.  Thus,  while  adult’s  bones  contain  about  68  per  cent,  of 
mineral  matter  and  32  per  cent,  of  animal  matter,  the  bones  of  young 
infants  contain  about  60  per  cent,  only  of  mineral  and  40  per  cent, 
of  animal  matter.  During  the  second  year  the  proportions  are  55 
per  cent,  and  45  per  cent,  respectively.  (But  see  Chap.  XXII., 
p.  317.)  Children’s  bones  are  also  more  vascular  because  of  their 
more  active  growth,  and  it  is  this  vascularity  which  renders  them 
more  predisposed  to  septic  infection. 

4.  The  periosteum  is  thicker,  more  vascular,  and  more  easily 
stripped.  The  greater  thickness  of  the  periosteum  prevents  com¬ 
pound  and  complicated  fractures,  unless  the  violence  is  very  great. 

5.  For  the  internal  structure  of  bone,  see  next  chapter. 

Having  thus  stated  the  broad  differences  between  the  skeleton  of 
the  child  and  that  of  the  adult,  we  shall  enumerate  the  chief  differ¬ 
ences  in  the  corresponding  body  systems,  such  as  the  head,  spine, 
etc.,  in  the  infant  and  adult. 

The  Head. — The  head  of  the  infant  is  relatively  much  larger  than 
that  of  the  adult.  Indeed,  the  younger  the  infant,  the  greater  is  the 
relative  size  of  its  head  when  compared  with  that  of  the  adult.  Thus 
while  the  height  of  the  head  in  an  adult  is  only  one-seventh  of  the 
total  height,  that  of  the  infant  at  birth  is  as  much  as  one-quarter  of 
the  total  height  of  the  body,  so  that  an  infant’s  head  is  proportion¬ 
ately  twice  as  large  as  that  of  an  adult,  although  absolutely  it  is  much 
smaller  (viz.,  one-half).  If  we  take  the  length  of  a  full-grown  adult 
to  be  about  70  in.,  and  that  of  an  infant  to  be  about  20  in.,  then 
the  length  of  the  adult’s  head  is  yx70=10  in.,  whilst  that  of  the 
infant’s  head  is  \  x  20  =  5  in. 

The  head  consists  of  two  parts  :  the  cranium  and  the  face,  and 
the  large  size  of  the  head  in  the  infant  is  due  to  the  largeness  of  the 
cranium,  which  latter  is  due  to  the  large  size  of  the  infant’s  brain 
(see  p.  556).  Indeed  the  face  is  not  only  absolutely  but  relatively 
much  smaller  in  the  infant  than  it  is  in  the  adult.  Thus  while  the 
proportion  of  the  face  to  the  cranium  in  the  adult  is  1  :  2,  that  in 
early  infancy  is  only  1  :  8.  (See  Figs.  64  and  65.)  Froriep,  quoted 
by  Rotch,  gives  the  following  table  showing  the  proportions  of  face 
to  cranium  at  various  ages  :  — 
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interior  fontaneue 


Fig.  65. — Foetal  Skull  (at  Birth). 
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Age. 

Early  infancy 

- 

- 

- 

Face. 

-  1 

Cranium. 

8 

2  years 

- 

- 

- 

1 

6 

5  years 

- 

- 

-  1 

4 

10  years  - 

- 

- 

- 

-  1 

3 

Adult  female 

- 

- 

- 

-  1 

91 

2 

Adult  male 

_ 

- 

. 

-  1 

2 

The  relaiion  between  the  length  and  breadth  of  the  face  is  in  the 
infant  10  :  4,  and  in  the  adult  10  :  9. 

The  Cubic  Capacity  of  the  Skull — 

Early  infancy  -  500  c.c. 

2  years  -----  1,000  ,, 

Adult  -----  1,500  „ 

faws. — We  have  seen  that  the  infant’s  face  is  very  small,  both 
absolutely  and  comparatively.  This  is  due  to  the  rudimentary 
development  of  the  jaws. 

The  Superior  Maxilla  (upper  jaw)  is  a  very  little  developed, 
because  its  alveolar  processes  do  not  attain  their  full  proportion 
until  the  upper  teeth  have  been  cut,  and  the  antrum  of  Highmore, 
though  present,  is  very  small.  For  this  reason  the  vertical  dimensions 
of  the  bone  are  short,  and  there  is  only  a  very  narrow  interval  between 
the  mouth  and  the  orbits. 

The  Mandible ,  or  lower  jaw,  is  also  incompletely  developed.  The 
ramus  is  very  small  at  birth,  and  does  not  reach  its  complete 
development  till  the  age  of  three  years.  The  angle  between  the 
ramus  and  the  body  of  the  bone  at  birth  is  very  obtuse  instead  of 
being  almost  ninety  as  in  the  adult,  and  the  mental  foramen,  instead 
of  being  midway  between  the  lower  and  upper  margin,  is  nearer  to 
the  top — because  the  alveolar  margin  is  not  developed.  As  the 
child  grows  older  the  jaw  is  called  upon  to  accommodate  the  milk 
teeth  and  later  the  permanent  teeth,  and  at  the  same  time  it  has  to 
withstand  the  more  vigorous  action  of  the  hitherto  weak  muscles  of 
mastication.  As  a  result  of  this  the  bone  becomes  stronger,  and 
alters  its  shape.  (For  the  influence  of  muscular  action  upon  the 
shape  of  a  bone,  see  Chap.  XXIV.,  pp.  340  and  344.) 

The  Orbit. — The  height  of  the  orbit  bears  the  same  proportion 
to  the  total  height  of  the  skull  in  the  infant  as  it  does  in  the  adult, 
but  when  compared  with  the  face  it  is  1:1  in  the  infant,  and  1  :  2 
in  the  adult.  The  supercilliary  ridges  and  frontal  sinuses  are 
undeveloped  in  the  infant,  so  that  the  frontal  bone  sweeps  down  in 
an  uninterrupted  curve  from  the  crown  of  the  head  to  the  upper 
level  of  the  orbit.  (See  Fig.  65.) 
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The  other  portion  of  the  skull,  viz.,  the  nose  and  ears,  will  be 
described  later  when  we  come  to  consider  the  physiology  of  those 
organs,  but  it  is  interesting  to  emphasise  a  point  of  practical  import¬ 
ance  in  connection  with  the  ear,  and  that  is,  that  although  the 
temporal  bone  already  contains  a  well-formed  antrum  at  birth,  it  has 
as  yet  no  mastoid  until  the  child  is  three  years  old.  Until  then, 
there  is  only  a  little  protuberance,  which  at  the  end  of  the  first  year 
contains  a  few  air  cells. 

As  a  result  of  the  undeveloped  state  of  the  maxillary,  frontal, 
and  mastoid  sinuses,  collections  of  pus  in  those  places  which  are 
comparatively  common  in  adults  do  not  occur  in  infants.  The 
production  of  suppuration  in  those  sinuses  will  be  considered  later, 
when  we  speak  about  the  nose  and  the  ears. 

Looking  at  the  skull  sideways  one  notices  that  the  auditory 
meatus  is  situated  about  midway  between  the  front  and  the  back  of 
the  infant,  but  that  it  is  decidedly  behind  the  middle  in  the  adult. 

The  cranium  consists  of  eight  bones,  viz.,  frontal,  two  parietals, 
sphenoid,  ethmoid,  two  temporals,  and  the  occipital,  and  is  divided 
into  two  parts,  the  vault  and  the  base. 

The  Vault. — The  infant’s  vault  is  made  up  of  the  same  bones  as 
that  of  the  adult,  but  whilst  in  the  latter  the  bones  are  firmly  dove¬ 
tailed  together,  those  of  the  infant’s  or  foetus’  vault  are  loosely  held 
together  by  membrane,  enabling  the  head  to  undergo  the  necessary 
moulding  during  its  progress  through  the  maternal  passages  at  birth. 
In  addition,  the  vault  portion  of  the  infant’s  frontal  very  often,  and  that 
of  the  occipital  occasionally,  consists  of  two  halves,  also  loosely  united 
by  membranes.  The  membranous  spaces  between  the  bones  of  the 
vault  of  the  skull  are  called  the  fontanelles  or  openings  of  the  head.” 
There  are  six  fontanelles  altogether,  two  being  in  the  middle  line  of 
the  vault,  and  four  being  situated  laterally.  The  largest  of  these 
spaces  is  situated  between  the  frontal  and  the  parietal  bones,  and  is 
called  the  anterior  fontanelle.  It  is  a  quadrilateral  space,  whose 
longitudinal  and  transverse  diameters  are  on  the  average  about  2*5 
and  2  cm.  (1  in.  and  in.)  respectively. 

Importance  of  the  Anterior  Fontanelle. 

(a)  The  anterior  fontanelle  is  of  great  importance  obstetrically , 
since  the  position  of  this  space  in  the  pelvic  brim  of  the  mother  is 
the  most  certain  means  of  recognising  the  position  of  the  foetus 
during  the  95  per  cent,  of  labours  in  which  the  child  comes  head 
first. 

(h)  In  the  infant  it  can  be  utilised  for  counting  the  pulse ,  since 
its  pulsations  correspond  with  the  beats  of  the  heart. 
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(c)  The  degree  of  tension  in  it  gives  a  very  good  idea  of  the 
condition  of  the  child.  Thus  it  is  very  tense  in  all  conditions, 
giving  increased  intra-cranial  pressure,  e.g.,  crying,  meningitis,  etc., 
and  is  depressed  and  pulseless  in  cases  of  severe  collapse,  e.g.,  bad 
diarrhoea,  etc. 

(d)  The  fontanelle,  which  is  largest  a  few  days  after  birth, 
when  the  effects  of  compression  of  the  head  during  labour  have 
passed  off,  gradually  gets  smaller  in  size  as  the  cranial  bones  grow 
together,  and  entirely  disappears  at  about  eighteen  months.  Late 
closure  (after  the  second  year)  occurs  either  in  conditions  in  which 
ossification  of  bones  is  abnormally  slow,  e.g.,  rickets,  or  when  there 
is  some  intra-crania]  condition  preventing  the  bones  from  uniting, 
e.g.,  hydrocephalus  (water  on  the  brain).  On  the  other  hand,  early 
closure  (i.e.,  long  before  eighteen  months)  occurs  in  cases  where  the 
brain  grows  less  than  its  normal  rate,  e.g.,  microcephaly  (small 
headedness  of  infancy). 

(e)  Immediately  underneath  the  fontanelle  lies  the  superior 
longitudinal  venous  sinus — and  therefore  the  anterior  fontanelle 
affords  a  very  convenient  place  for  veni-puncture  for  diagnostic  and 
therapeutic  purposes  (e.g.,  for  the  purpose  of  infusing  salt  solution  or 
other  substances,  such  as  salvarsan,  etc.)  into  the  infant’s  circulation, 
since  the  superficial  veins,  such  as  those  at  the  bend  of  the  elbow 
which  are  utilised  for  that  purpose  in  the  adult,  are  much  too  small 
to  be  conveniently  utilised  in  the  case  of  infants.  The  distance  of 
the  skin  from  the  lumen  of  the  vein  is  from  2  to  5  mm.,  according 
to  the  age  of  the  infant,  and  the  depth  of  the  sinus  at  the  posterior 
angle  of  the  fontanelle  (where  the  sinus  has  the  greatest  depth)  is 
4  to  7  mm. 

Intravenous  Injections  in  Infants. 

Having  shaved  the  scalp  and  disinfected  it  with  iodine,  the  head  is  raised  and 
held  by  the  nurse,  the  operator  stands  in  front  and  on  the  right  side  of  the  child, 
and  plunges  the  needle  at  an  angle  of  50°-60°  with  the  plane  of  the  fontanelle  in 
the  middle  line  half-way  between  the  anterior  angle  and  the  centre  of  the  fontanelle. 
The  needle  should  not  be  allowed  to  penetrate  more  than  |  in.  (  =  3-4  mm).  A 
simpler  way  is  to  plunge  the  needle  at  the  posterior  angle  of  the  fontanelle  at  right 
angles  to  the  long  axis  of  the  skull,  to  a  depth  of  between  4  and  6  mm. 

The  Base  of  the  Cranium. 

That  portion  of  the  skull  on  which  the  brain  rests  is  called  the 
base  of  the  skull.  It  is  made  up  of  the  basi-occipital,  the  sphenoid, 
the  ethmoid,  and  the  petrous  portion  of  the  temporal  bones.  The 
bones  of  the  base  differ  from  those  of  the  vault  in  being  thicker  and 
more  firmly  united,  thus  resisting  any  pressure  on  them  during 
labour.  The  absence  of  moulding  in  this  part  of  the  foetal  head  is 
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very  fortunate  for  the  child,  since  the  centres  concerned  with 
respiration  and  circulation  are  situated  on  the  base  of  the  brain, 
and  any  undue  pressure  at  that  part  might  easily  kill  the  foetus 
during  the  process  of  birth. 

Form  of  Head. — New-born  babies  often  have  a  startling  shape  to 
their  heads,  produced  by  pressure  at  birth.  In  nearly  every  case  the 
abnormal  appearances  pass  away  in  a  short  time,  varying  in  duration 
between  a  few  days  and  a  few  months,  according  to  the  degree  of  the 
deformity.  It  is  obvious,  therefore,  that  in  order  to  get  an  idea  of 
the  normal  shape  of  the  head  in  an  infant  at  full  term,  one  must 
study  the  head  of  children  that  have  been  removed  by  Caesarean 
section.  The  shape  of  the  head  is  generally  expressed  in  terms  of 
the  antero-posterior  and  transverse  diameter.  In  the  unmoulded 
head  they  are  13  cm.  and  10  cm.  (54  and  4  in.)  respectively. 
During  labour  the  maximum  diameter  greatly  increases,  and  the 
transverse  diameter  diminishes.  The  degree  of  the  distortion, 
however,  varies  with  the  amount  of  pressure  exerted  on  the  head. 
This  depends  on  a  number  of  factors,  such  as  the  kind  of  presenta¬ 
tion  and  size  of  the  maternal  passage. 

The  Relation  between  the  Circumference  of  the  Head  and  that  of 
the  Thorax  is  different  in  the  infant  from  what  it  is  in  the  adult, 
as  the  following  table  shows  : — 


Age. 

Circumference  of  Head. 

Circumference  of  Thorax. 

Birth 

33 

cm. 

(13 

in.) 

31 

cm. 

(121 

in.) 

5  months 

- 

42 

<161 

41 

5) 

(161 

.. ) 

1  year  - 

45-5 

(18 

47-5 

5) 

(13f 

,,) 

2  years  - 

- 

48 

>> 

(19 

»  ) 

51 

n 

(20J 

» ) 

3  „ 

- 

51 

33 

(20* 

) 

55 

33 

(21} 

,.) 

6  „ 

- 

52 

33 

m 

») 

55 

33 

(21f 

„ ) 

10  „ 

- 

53 

33 

(21 

) 

62 

3? 

(24J 

» ) 

13  „ 

- 

54 

33 

(211 

66 

33 

(26 

) 

Adult 

55 

33 

(21 J 

68 

33 

(261 

From  this  table  we  see  that  while  up  to  the  end  of  the  first  year 
the  circumference  of  the  thorax  is  approximately  equal  to  that  of  the 
head  (i.e.,  the  head  measurement  keeps  pace  with  that  of  the  thorax), 
after  the  second  year  the  circumference  of  the  head  increases  very 
little,  but  that  of  the  thorax  increases  very  considerably. 

The  Spine. 

At  birth  the  child’s  spine  is  so  flexible  that  it  can  easily  be 
twisted  in  any  direction.  This  flexibility  is  due  to  the  fact  that  at 
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this  age  the  whole  spinal  column  is  cartilaginous,  with  the  exception 
of  the  nuclei  of  the  bodies  of  the  vertebrae  and  those  of  the  laminae 
on  either  side.  It  is  not  accurately  known  when  the  vertebrae 
become  completely  ossified,  but  consolidation  probably  begins  in 
the  third  year  and  ends  in  the  seventh.  The  flexibility  becomes 
less  as  the  infant  grows  older.  The  cervical,  dorsal,  and  lumbar 
parts  of  the  spine  contain,  of  course,  respectively  the  same  number 
of  vertebrae  in  the  youngest  infant  as  in  the  adult,  i.e.,  7,  12,  and 
5,  but  the  lengths  of  these  different  portions  are  different  in  the 
foetus  from  what  they  are  in  the  infant,  and  different  in  the  latter 
from  what  they  are  in  the  adult.  Thus,  whilst  in  the  adult  the 
neck  forms  one-fifth  of  the  whole  length  of  the  spine,  and  the 
lumbar  spine  is  one-third  of  the  whole  length,  the  neck  is  propor¬ 
tionately  longer  than  the  loin  in  the  young  embryos,  and  becomes 
nearly  equal  to  it  at  birth.  The  laminae  are  nearly  united  through¬ 
out  the  greater  part  of  the  spine  at  birth.  The  neck,  however,  looks 
shorter  in  the  new-born  infants  because  (1)  of  the  large  size  of  the 
head,  (2)  of  the  higher  position  of  the  sternum  and  clavicle. 

Le?igth  of  Spine. — 4  he  following  table  shows  the  absolute  and 
relative  lengths  of  the  various  parts  of  the  spine. 


Age. 

Absolute  Length  in  Millimetres. 

Relative  Length.  Total 
Equals  100. 

Cervical. 

Dorsal. 

Lumbar. 

Total. 

Cervical. 

Dorsal. 

Lumbar. 

New-born 

45 

84 

47-5 

•  t  • 

3  months 

50 

100 

58 

208 

24 

48-1 

27-9 

6  „ 

52-5 

103 

60 

215-5 

24-3 

47-5 

27-8 

10  „ 

61 

125 

77 

263 

23-2 

47-5 

29-2 

2  years  1 

79-5 

153-5 

98 

331 

24 

46-4 

29-6 

5  „  [boys 

80 

170 

104 

354 

22-5 

48 

29-4 

11  „  1 

91 

218-7 

153-5 

463-2 

19-7 

47-2 

33-1 

17  „  girl  - 

113 

250 

161 

524 

21-5 

47-7 

30-7 

Adult  - 

129-9 

273-4 

184 

. . . 

. . . 

The  Cu?ves  of  the  Spine. — Whilst  the  spinal  column  of  the  adult 
exhibits  the  following  forward  curves,  viz.,  a  cervical  convexity  and 
a  dorsal  concavity,  that  of  the  infant  at  birth  presents  one  smooth 
concavity  forward  from  the  atlas  to  the  coccyx,  the  front  of  which 
is  subdivided  into  two  curves  by  the  slight  projection  of  the 
promontory  of  the  sacrum.  The  sacrum  is  concave  from  side  to 
side,  but  nearly  flat  from  above  downwards. 
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“  The  making  of  the  frozen  sections,”  says  Ballantyne,  “  has 
demonstrated  the  fact  that  the  position  in  which  the  body  is  placed 
is  a  most  important  factor  in  the  production,  or  in  the  abolition,  of 
the  spinal  curves,  both  in  the  infant  and  in  the  adult,  but  more 
especially  in  the  case  of  the  former.”  The  production  of  these 
curves  as  the  child  grows  older  is  due  to  the  pull  of  the  muscles,  as 
well  as  to  the  action  of  gravity  when  the  child  begins  to  walk.  As 
soon  as  the  muscles  at  the  back  of  the  neck  contract  so  as  to  raise 
the  head  from  the  chest,  the  front  of  the  neck  becomes  convex,  and 
finally  this  becomes  the  habitual  position.  This  curve  can  be 
obliterated  by  a  change  of  the  position  of  the  head.  The  dorsal 
curve  is  compensatory  to  the  cervical.  The  lumbar  curve  is  first 
observed  when  the  child  is  one  or  two  years  old,  and  is  due  to  the 
shortness  of  the  ilio-femoral  ligaments  which,  when  the  thighs  are 
extended,  flex  the  pelvis,  throwing  the  promontory  of  the  sacrum 
forward. 

The  tonicity  of  the  muscles  has  a  great  deal  to  do  with  retaining 
the  curves  of  the  spine,  and  with  limiting  its  movements.  Indeed, 
so  great  is  the  effect  of  the  muscles  that  the  unruly  pull  of  a  muscle 
may  easily  produce  a  lasting  effect  (see  p.  344).  The  action  of  the 
muscles  should,  therefore,  be  symmetrical  on  both  sides. 

It  is  for  this  reason  that  an  infant  must  not  be  allowed  to  lie 
always  on  one  side,  or  to  be  allowed  to  sit  up  at  an  early  age.  The 
curves  of  the  spine  protect  the  growing  child  from  injury,  by 
increasing  its  mobility  and  minimising  the  shock  transmitted  from 
the  feet  to  the  head,  as  in  jumping. 

Relation  of  the  Spinal  Cord  to  Vertebral  Canal. 

“  At  the  fourth  month  of  intra-uterine  life,”  says  Ballantyne,  “  the 
spinal  cord  occupies  the  whole  of  the  vertebral  canal,  but  thereafter 
the  cord  grows  less  quickly  than  the  canal,  and  at  birth  it  is  found 
to  terminate  at  the  level  of  the  first  lumbar  vertebra,  the  remaining 
part  of  the  canal  being  occupied  by  the  leash  of  nerves  and  the 
filum  terminale,  which  together  constitute  the  ‘cauda  equina  ’.” 

At  birth  the  spinal  cord  terminates  one  vertebra  lower  than  in 
the  adult.  The  third  lumbar  spine  which  should  mark  its 
termination  cannot  be  easily  recognised  under  three  years,  but  its 
position  can  easily  be  ascertained  from  the  knowledge  that  the  fourth 
lumbar  spine  lies  on  the  level  of  a  line  connecting  the  highest  points 
of  the  iliac  crest.  This  anatomical  landmark,  which  holds  good  at 
all  ages  from  birth  to  adult  age,  is  of  practical  importance  in  the 
operation  of  lumbar  puncture.  (See  Chap.  XXXV.,  p.  580.)  Whilst 
the  seventh  cervical  spine  is  the  most  prominent  in  the  adult,  it  is  the 
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first  dorsal  spine  which  possesses  that  distinction  in  the  infant.  The 
cervical  and  lumbar  enlargements  are  relatively  smaller  in  an  infant 
than  in  an  adult. 

Neck. — We  have  seen  that,  while  in  the  infant  the  cervical  region 
forms  24  per  cent,  of  the  total  length  of  the  spine,  the  percentage 
length  of  the  same  region  in  the  adult  is  only  about  20  per  cent.,  so 
that  the  infant’s  cervical  position  of  the  spine  is  relatively  long. 

The  Thorax. — A  glance  at  the  table  on  p.  326  will  show  that  the 
proportion  of  the  dorsal  region  of  the  spinal  column  hardly  varies 
from  birth  to  adult  age,  but  the  thorax  itself  varies  greatly  in 
circumference. 

At  birth  the  thorax  is  insignificant.  In  front,  the  breast  bone  is 
relatively  much  smaller  than  that  of  the  adult  male,  but  not  very 
different  from  some  very  small  breast  bones  found  in  women.  The 
top  of  the  sternum  is  placed  higher  in  early  childhood  than  in  the 
adult.  Thus,  whilst  in  the  latter  it  is  at  the  level  of  the  second 
dorsal  intervertebral  disc,  it  is  opposite  the  middle  of  the  body  of  the 
first  dorsal  vertebra  in  the  new-born  infant.  This  peculiarity  renders 
the  sides  of  the  thorax  relatively  shorter  than  in  the  adult.  This 
shortness  is  made  more  pronounced  by  the  lesser  development  of 
the  lower  ribs.  The  sternum  consists  of  several  unossified  pieces, 
instead  of  one  bone,  as  in  the  adult. 

Ribs. — The  borders  of  the  lower  ribs  diverge  relatively  rapidly  on 
account  of  the  greater  breadth  of  the  abdomen.  All  the  ribs  pass 
almost  directly  outwards  from  the  spine.  As  a  result  of  this,  the 
infant’s  back  has  a  relatively  flat  surface. 

The  Diameter  of  the  Thorax. — The  infant’s  thorax  is  narrower 
than  that  of  the  adult’s.  Thu"-,  while  in  the  latter  the  relation  of  the 
antero-posterior  diameter  to  the  transverse  at  the  same  level  is 
1  :  2*5  or  1  :  3,  the  relation  is  2  :  3,  i.e .,  1  :  L5  in  the  infant  at  birth. 
At  the  age  of  three  it  is  1  :  2. 

\  Antero-Posterior  : 

Transverse  Diameter. 

Birth  -  -  -  -  -  1  :  L5 

3  years  -  -  -  -  -1:2 

Adult  -  -  -  -  -1:3 

Pelvis. 

The  pelvis  is  very  small  in  proportion  to  the  size  of  the  child,  and 
its  transverse  diameter  is  decreased.  The  iliac  fossae  are  spread  out, 
and  are  flat  and  rather  curved.  The  obturator  foramen  is  more 
circular,  the  sub-pubic  angle  more  acute,  and  the  tubera  ischii  closer 
together.  The  posterior  iliac  spines  project  only  at  a  little  distance 
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behind  the  sacrum.  As  the  child  grows  older,  the  sacrum,  in  virtue 
of  its  supporting  the  weight  of  the  body,  becomes  more  wedged  into 
the  pelvis,  so  that  the  posterior  iliac  spines  are  left  projecting  behind. 
At  the  same  time  the  resistance  of  the  ground  transmitted  through 
the  femora  widens  the  interval  between  the  tubera  ischii,  and  opens 
up  the  sub-pubic  angle.  As  a  result  of  this  the  transverse  diameter 
becomes  greater,  and  the  upper  extremities  of  the  femora  are  moved 
further  apart. 

On  account  of  the  small  size  of  the  pelvis  the  bladder  in  an 
infant  is  an  abdominal  instead  of  a  pelvic  organ.  Hence  in  the 
case  of  every  abdominal  tumour  in  infancy,  the  possibility  of  a 
distended  bladder  has  to  be  eliminated  by  passing  a  catheter.  The 
uterus  at  birth  also  lies  partly  above  the  brim  of  the  pelvis. 

Limbs. 

Lowe r  Extremities. — The  femora  run  more  vertically  and  their 
shafts  are  but  little  curved.  The  neck  of  the  femur  is  very  short 
and  more  horizontal.  The  os  calcis  is  less  prominent  and  the  arch 
of  the  foot  is  not  well  developed  (but  see  p.  370).  As  the  transverse 
diameter  of  the  pelvis  becomes  larger  the  upper  extremities  of  the 
femora  are  moved  further  apart,  thus  increasing  the  obliquity  of  the 
shaft.  In  the  foot,  as  a  result  of  the  action  of  the  powerful  muscles 
of  the  calf,  there  is  a  great  enlargement  of  the  os  calcis,  so  that  it 
projects  prominently  at  the  heel. 

Upper  Limbs. — The  arms  are  relatively  shorter  than  in  the  adult. 
The  clavicle  is  short,  and  therefore  helps  to  produce  the  narrow 
sloping  of  the  shoulder  of  the  infant. 

The  breadth  of  the  scapula  compared  with  its  length  is  greater, 
and  the  subscapular  fossa  is  only  slightly  hollowed.  The  ulna  and 
radius  are  more  nearly  equal  in  thickness  than  in  the  adult.  Langer1 
gives  the  relative  lengths  of  various  parts  of  the  body  in  new-born 
infants  and  in  adults  as  follows  : — 


Infant. 

Adult. 

Length  of  whole  body 

1 

3*24 

,,  spinal  column  - 

1 

3 

,,  femur 

1 

4-38 

,,  tibia  - 

1 

4-32 

,,  humerus  - 

1 

3-97 

,,  radius 

i 

3-83 

Denkschr.  Kaiserl.  A  lad. ,  xxxi.,  Wien,  1872. 
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From  these  figures  it  is  obvious  that  the  extremities  (especially 
the  lower  extremities)  are  proportionately  shoiter  in  the  infant  than 
in  the  adult. 

The  same  observer  also  gives  the  following  table  showing  the 
relative  lengths  of  the  upper  and  lower  parts  of  the  body  at  different 
ages,  the  plane  of  separation  being  at  the  level  of  the  symphysis  : — 


Age. 

14  Days. 

3  Years. 

7  Years. 

10  Years. 

Adult. 

Upper  segment  - 

619 

574 

505 

502 

494 

Lower  segment  - 

381 

426 

495 

498 

506 

This  table  confirms  the  statement  made  by  Aristotle  that  in  the 
early  periods  of  life  the  upper  part  of  the  body  is  longer  than  the 
lower,  but  that  during  the  course  of  growth  this  ratio  is  reversed. 
(See  Chap.  XXIV.,  p.  348.) 


CHAPTER  XXIV 


THE  PHYSICS  AND  PHYSIOLOGY  OF  BONE 

“  Prophesy  upon  these  bones,  and  say  unto  them,  O  ye  dry  bones,  hear  the  word 
of  the  Lord  .  .  .  Behold,  I  will  cause  breath  to  enter  into  you,  and  ye  shall  live. 
And  I  will  lay  sinews  upon  you,  and  will  bring  up  flesh  upon  you,  and  cover  you 
with  skin,  and  put  breath  in  you,  and  ye  shall  live.  ...  So  I  prophesied  as  he 
commanded  me,  and  the  breath  came  into  them,  and  they  lived/’ 

Ezekiel  xxxvii. 

The  study  of  the  internal  macroscopic  structure  of  bone  has  occupied 
the  minds  of  many  investigators  since  the  year  1805.1  But  in  1867, 
as  the  result  of  a  very  elaborate  investigation,  Hermann  von  Meyer, 
of  Zurich,  showed  that  the  trabeculae  forming  the  internal  architecture 
of  the  cancellous  tissue  of  every  individual  bone  in  the  body  had  a 
fixed  and  definite  pattern  which  is  constant  and  specific  for  that 
particular  bone.  Let  us  take  the  classical  example  of  the  upper  end 
of  the  femur.  A  glance  at  Figs.  69  and  70  will  show  that  the  lines  of 
trabeculae  run  along  two  systems  of  curves.  One  system  starts  from 
the  inner  side  of  the  shaft  and  rises,  diverging  in  beautiful  spreading 
curves,  with  their  concavity  upwards.  The  other  system,  running 
along  the  outer  convex  side  of  the  shaft,  droops  as  it  opens  out, 
forming  graceful  regular  curves  concave  downwards.  It  was  a 
fortunate  accident  for  science  that  Professor  Carl  Culmann,  of  Zurich, 
the  famous  engineer  and  mathematician,  happened  to  see  Meyer’s 
preparations ;  for  it  is  no  exaggeration  to  say  that  Culmann,  was 
the  prophet  who  breathed  the  breath  of  life  into  the  dry  bones  and 
made  them  live  and  tell  us  the  fascinating  story  regarding  the 
principles  of  their  construction. 

As  soon  as  Culmann  saw  Meyer’s  specimens  he  was  convinced 
that  the  arrangement  of  the  spongy  trabeculae  in  the  long  bones  of 
the  human  body  followed  the  same  lines  as  the  mathematician  would 
draw  in  mechanical  structures  which  have  the  same  shape  and  are 
subjected  to  the  same  mechanical  influences  as  the  corresponding 
bones.  Culmann  drew  a  figure  of  a  crane  which  had  the  same  shape 
as  the  upper  end  of  a  femur,  and  which  would  be  subjected  to  the 
same  mechanical  forces  as  that  bone.  He  asked  his  pupils  to  draw 

1  Loder,  “Tabulae  Anatomicae,”  1805. 
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the  various  stress  lines  (i.e.,  tension  and  compression  lines),  and  with 
what  result  ?  The  lines  were  found  to  be  disposed  in  exactly  the  same 
way  as  Nature  has  arranged  them  in  the  upper  end  of  the  femurs. 

In  order  to  be  able  to  understand  the  mechanical  principle  upon 
which  Nature  has  built  the  internal  architecture  of  bone,  it  is  neces¬ 
sary  to  be  acquainted  with  a  few  elementary  facts  in  engineering. 

Imagine  a  beam  resting  on  two  pillars  and  loaded  in  the 
middle  with  a  weight  iv.  The  beam  tends  to  bend  into  an  arc.  In 
this  condition  the  lower  fibres  are  subjected  to  a  tensile  or  stretching 
stress,  whilst  the  upper  fibres  are  in  a 
state  of  compression.  Obviously,  there 
must  be  a  layer  of  fibres  in  the  beam 
in  which  the  force  of  compression  goes 
through  a  transition  into  a  force  of  ten¬ 
sion,  i.e .,  a  layer  which  is  not  subjected 
to  either  compression  or  tension.  This 
is  called  the  neutral  zone.  In  addition, 
however,  to  these  two  stresses,  viz., 
tension  and  compression,  the  beam  is 
subject  to  a  third  stress,  viz.,  a  shearing  force ,  in  virtue  of  which  one 
slice  of  the  beam  tends  to  move  or  slide  against  a  contiguous  slice. 

Similar  consideration  will  show  that  the  same  three  stresses  of 
tension,  compression,  and  shearing  are  present  in  every  structure, 
whether  situated  horizontally,  vertically,  or  obliquely,  and  whether 
supported  at  one  or  at  both  ends. 

Properties  of  Stress  Lines. 

1.  Take  a  block  of  india-rubber  and  squeeze  it  between  your 
finger  and  thumb ;  it  becomes  elongated  or  stretched  at  right  angles 
to  the  direction  in  which  you  compress  it.  In  other  words,  the 
lines  of  compression  and  tension  intersect  at  right  angles.  This  is 
a  rule  which  can  be  proved  to  be  universally  true. 

2.  If  by  means  of  a  fine  saw  one  were  to  divide  any  structure 
in  two  along  one  of  the  tension  lines  (see  Fig.  70)  nothing  would 
happen.  The  structure  would  still  be  as  strong  as  before.  The 
pressure  in  the  compression  lines,  all  bearing  down  at  right  angles 
on  the  sawn  surfaces,  would  press  the  surfaces  together  just  as  before, 
and  they  would,  therefore,  not  slide  on  each  other.  The  same 
would  happen  if  the  structure  were  to  be  sawn  along  one  of  the 
compression  lines.  Hence  we  arrive  at  another  fundamental  principle, 
viz.,  there  is  no  tendency  in  any  structure  to  shear  along  the  lines  of 
compression  or  tension. 

3.  We  can  prove  quite  easily  that  maximum  shearing  always 
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takes  place  along  a  line  inclined  at  an  angle  of  45°  to  a  tension  or 
compression  line. 


Thus  let  ABCD  (Fig.  67)  be  a  pillar  of  a  cross-section,  and  let  it  be  subjected  to 
a  vertical  load  P,  giving  a  stress  per  unit  area  equals/.  Then  the  whole  pressure 
on  the  section  A  is  P  —pa.  Let  EF  be  an  oblique  section  inclined  at  an  angle 
0  to  the  cross-section,  then  pressure  in  EF  —pa  cos  0.  Now  resolve  P  into  two 
components,  Q  acting  along  EF,  and  N  perpendicular  to  it.  Then  we  have 
N  =  P  cos  0  and  Q  =  P  sin  0  = pa  sin  9.  The  whole  force  Q  upon  EF  q  area  of 

EF—  <ta  t  Therefore  we  have  —pd  sin  0,  whence  q  =  p  sin  9  cos  0  = 
cosO  cos  0  *  1  F 

\p  sin  29. 

Now  when  20  =  90,  sin  20  =  1,  therefore  q  is  a  maximum  when  0  =  45  and 


—  and  when  0  =  0  or  90,  sin  20  =  0,  and  q  —  0,  which  means  that  along  the  lines 


of  maximum  compression  or  tension  the  shearing  force  q  vanishes,  but  that  the 
shearing  force  is  the  greatest  along  a  line  inclined  at  45°  to  a  tension  or  com¬ 
pression. 


We  are  now  in  a  position  to  understand  the  correlation  between 
the  internal  architecture  of  a  bone  and  its  function. 


Fig.  68. 


1.  The  shaft  of  every  long  bone  when  cleansed  of  its  marrow  is 
hollow.  The  question  that  naturally  occurs  to  one  is,  “  Why  should 
a  long  bone  that  has ,  like  a  pillar ,  to  bear  weight  be  made  holloiv 
instead  of  as  we  might  expect  it  to  be ,  solid  l”  The  answer  is  clear 
from  what  we  have  said  about  the  neutral  zone,  for  it  is  obvious 
that,  as  there  is  no  compression  or  tension  in  that  zone,  it  is  possible 
to  save  weight  and  economise  material  by  leaving  out  all  the  middle 
portion  in  the  neighbourhood  of  that  zone. 

Now  let  us  take  the  two  following  cases  (Fig.  68): — 

(a)  A  round  solid  beam  of  diameter  100. 

(b)  A  round  tubular  beam  of  external  diameter  125  and  internal 
diameter  75. 

The  area  of  the  cross-section  of  a  =  \ 7rT002. 

„  „  £  =  ^-1252-1^752 

=  1tt(125  +  75)(125-  75) 

=  i7r-1002. 


THE  PHYSICS  AND  PHYSIOLOGY  OF  BONE  335 


So  that  the  area  of  the  cross-section  is  the  same  in  both.  But  it  is 
possible  to  show,  mathematically,  that  if  these  beams  are  used  as 
horizontal  beams,  then  the  snapping  limit  of  (a)  would  be  to  that  of 
(b)  in  the  ratio  of  10  to  17,  and  if  they  are  used  as  upright  pillars, 
the  crushing  limit  of  (a)  is  to  that  of  (b)  in  the  ratio  of  1,000  to 
2,125.  This  can  be  put  in  tabular  form  as  follows  : — 


Snapping  Limit. 

Crushing  Limit. 

Diameter. 

10 

1,000 

100  (round  and  solid) 

17 

2,125 

125  (round  and  hollow) 

From  this  we  see  that  while  the  circumference  of  the  bone 
increases  by  only  one-quarter  (i.e.,  from  IOOtt  to  1257t),  the  strength 
against  snapping  (i.e.,  its  tensile  stress)  increases  by  nearly  three- 
quarters,  and  its  resistance  to  compression  increases  by  more  than 
100  per  cent.  Hence  for  the  same  amount  of  material  the  tubular 
form  is  not  only  as  strong,  but  actually  much  stronger  than  the 
solid. 

Now  let  us  consider  the  cases  of  three  beams  which  are  of  unit 
length  and  uniform  girth  100,  but  in  which  one  is  solid,  the  other  a 
thick  tube  of  inner  diameter  60,  and  the  third  a  thin  tube  of  inner 
diameter  80.  The  mass  of  bone  in  the  first  case  =  7r502  =  2,5007r  ; 
that  in  the  second  beam  =  7t’502  -  7r302  =  1,600tt  •  that  in  the 
third  beam  =  7r‘502  — 7t-402  =  9007t.  It  is  found  that  the  tensile 
limits  in  these  three  cases  are  in  the  proportions  of  8*7  and  T8, 
whilst  the  crushing  limits  are  in  the  ratios  1,000,  870,  and  590. 
In  other  words,  whilst  the  weights  of  the  beams  are  3:2:1,  their 
strengths  are  reduced  in  nothing  like  the  same  proportion. 

This  principle  of  tubular  structure,  which  is  adopted  in  all 
engineering  construction,  was  well  known  to  Galileo,  who,  when 
accused  before  the  Inquisition  of  atheistic  principles,  is  said  to  have 
picked  up  a  straw  from  the  floor  of  the  prison  and  replied,  "  If 
there  were  nothing  else  in  Nature  to  teach  me  the  existence  of  a 
Deity,  even  this  straw  would  suffice.” 

2.  The  shaft  of  a  long  bone  is  thickest  in  the  middle,  and  becomes 
thinner  and  thinner  as  we  approach  either  extremity.  Indeed,  the 
extremities  themselves  are  practically  thin  shells  of  bones  with  lines 
of  trabeculae  running  in  beautifully  regular  curves  in  the  manner 
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already  described.  Now,  when  Culmann  saw  Meyer’s  specimens 
and  photographs  of  the  upper  end  of  the  femur,  he  recognised  in  a 
moment  that  these  lines  of  trabeculae  cross  each  other  orthogonally 


Fig.  69. — Longitudinal  Section  of  Head  and  Neck  of  Femur 
(Koch,  in  The  American  Journal  of  Anatomy), 


(, i.e .,  at  right  angles),  as  do  the  lines  of  stress  in  all  beams,  enclosing 
little  rectangular  meshes,  which  are  empty,  and  increase  in  size  as 
we  pass  down  the  head,  and  that  their  directions  were,  as  we  have 
already  said,  those  which  one  would  expect  from  a  consideration  of 
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the  weight  which  the  bone  has  to  support.1  Indeed,  a  glance  at 
a  section  of  the  femur  (Figs.  68-72)  will  show  that  the  central 
hollow  of  the  shaft  is  nothing  more  than  a  large  rectangular  mesh 


Loaa 


Fig.  70. — Diagram  showing  the  Lines  of  Stress  in  the  Head  and  Neck  of  the 
Femur,  as  calculated  mathematically  (Koch,  in  7  he  American  Journal  of 
Anatomy). 


enclosed  between  the  tension  and  compression  lines.  Hence,  one 
can  say  that  the  architecture  of  the  upper  end  of  the  femur  is  a 

1  The  rectangular  intersection  of  the  lines  of  cancelli  was  observed  by  the 
English  anatomist,  Humphrey,  in  1858,  but  he  did  not  recognise  its  mathematical 
significance. 


2  2 


Fig.  71. — Longitudinal  Section  through  the 
Whole  Femur  j  (Koch,"  in  The  American 
Journal  of  Anatomy). 


perfect  mathematical  de¬ 
sign  for  the  transference 
of  weight.  Indeed,  Nature 
has  built  the  architecture 
of  the  bone  far  more 
beautifully  and  perfectly 
than  any  engineer  can 
hope  to  copy  in  any  of  his 
structures.  The  compact 
tissue  of  bone  really  repre¬ 
sents  lines  of  trabeculae 
closely  packed  together, 
and  if  we  look  at  the  dia¬ 
gram  (Fig.  72),  in  which 
the  stress  lines  are  worked 
out  mathematically,  we  see 
that  the  lines  of  stress, 
which  are  far  apart  at  the 
extremity,  become  more 
and  more  crowded  together 
as  we  approach  the  shaft, 
and  are  packed  most  closely 
of  all  in  the  middle  of  the 
shaft.  Hence ,  we  have  a 
mechanical  reason  why  the 
middle  of  the  shaft  of  a  long 
bone  is  the  thickest  part. 
Indeed,  Culmann  has  cal¬ 
culated  mathematically 
that  if  we  assume  the  head 
of  the  adult  femur  to  bear 
a  weight  of  30  kg.  (i.e., 
about  half  the  weight  of 
the  body),  then  the  pres¬ 
sure  in  the  middle  of  the 
shaft  is  equal  to  a  weight 
of  163*3  kg.,  whilst  that 
towards  the  end  of  the 
articular  surface  is  only 
3  kg.  At  the  point  of  in¬ 
sertion  of  the  ligamentum 
teres  the  pressure  is  actu¬ 
ally  zero. 

The  fact  that  the  strain 
in  a  beam  or  a  pillar,  sub¬ 
jected  to  pressure,  is  great¬ 
est  in  the  middle  can  be 
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Fig.  72. — Diagram  showing  the  Lines  of  Stress  in  the  Whole  Femur,  as  calculated  mathematically 

(Koch,  in  The  American  Journal  of  Anatomy). 
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easily  illustrated  by  pressing  a  walking-stick  hard  against  the  ground, 
when  it  will  tend  to  snap  in  the  middle. 


Role  of  Muscles  in  Determining  the  Internal  Architecture  of  Bone. 

In  his  calculation  of  the  distribution  of  lines  of  stress  in  the 
femur,  Culmann  took  into  consideration  only  the  weight  of  the  body. 
In  order,  however,  to  have  a  complete  understanding  of  the 
mechanical  factors  acting  upon  bones,  we  must  also  consider  the 
influence  of  the  action  of  the  muscles  on  them.  Let  us  again  take 
the  femur  as  an  example.  The  head  of  the  femur  is,  in  the  erect 
position  of  the  body,  subjected  not  only  to  a  load  equal  to  half  the 
weight  of  the  body  (viz.,  about  25  kg.),  but  is  also  acted  upon  by 
the  elastic  pull  of  the  muscles  around  the  hip  joint.  The  pull  of 
each  group  of  muscles  is  equal  to  the  product  of  the  average  area  of 
cross-section  (q.)  of  the  muscles  composing  the  group,  and  the  tension 
the  muscles  exert  when  they  undergo  an  average  contraction.  The 
tension  corresponding  to  an  average  contraction  of  0*40  per  cent, 
may  be  taken  as  OT.1 

The  areas  of  cross-section  of  the  various  groups  of  muscles  are 
given  in  the  following  table  taken  from  E.  F.  Weber2 : — 


1.  (ob) 


'■  (, ?l) 


3.  (add) 


q.(cm.2) 

i  Obturator  ext.  - 

-  9-695 

-j  Obtur.  int. 

-  8-628 

[Gemelli  - 

-  2-245 

20-568 

[Gluteus  max. 

-  53-162 

Gluteus  med. 

-  41-619 

— 

Pyriformis 

-  5-374 

.Gluteus  min. 

-  24-172 

124-327 

Gracilis 

-  4-113 

Pectineus 

-  7-019 

Adductor  long. 

-  10-608 

Add.  brev.  - 

-  7-925 

Add.  magn.  - 

-  35-199 

^Quadr.  femoris 

-  7-206 

72-070 

Average. 

q.(cm.2)  Pull  (q.<5) 


20*6  2-1 


120-0  12-0 


54-0 


1  See  Triepel,  “  Trajektorielle  Strukture,”  1908,  p.  130. 

2  Quoted  by  Triepel. 
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i.  (il) 

( Iliacus  - 
1  Psoas  - 

q.  (cm.2) 

16-182 

14-282 

Average. 

q.(cm.2) 

Pull  (q.5) 

30-464 

30-4 

3-0 

5.  (re) 

( Rectus  fern.  - 
(Tens.  fasc.  fern. 

28-893 

7-561 

36-454 

36-5 

3-7 

6.  (se) 

fSemitendinosus 

1  Semimembranosus 

I  Biceps  femoris  (long 
l  head) 

7-269 

26-387 

11-370 

45-026 

45-0 

4-5 

Now  draw  a  sketch  of  the  upper  end  of  the  femur,  and  put  in 
the  various  forces  acting  upon  it  (Fig.  73).  The  forces  (tl)  and  (se) 
have  the  same  position  and  direction  as  the  weight  of  the  body  ; 
all  these  can  be  represented  by  a 


single  force,  32-5  kg.  (25-0,  3-0, 
and  4*5  kg.).  It  is  assumed  that 
the  weight  of  the  body  passes 
through  the  centre  of  the  caput 
femoris.  The  position  of  the 
remaining  muscle  forces  is  shown 
by  the  arrows.  Now  draw  a  poly¬ 
gon  of  forces  (Fig.  74)  to  the 
scale  1  kg.  =  T5  mm. ;  the  value 
of  the  resultant  (and  its  direction) 
can  be  found  by  measurement  to 
be  51  kg. 

Hence  we  say  that  the  com¬ 
bined  action  of  the  weight  of  the 
body  and  that  of  the  muscles  is 
equal  to  a  weight  of  51  kg.,  act¬ 
ing  in  the  direction  R. 


Fig.  73. — To  show  the  Action  of  the 
Various  Muscles  attached  to  the 
Head  and  Neck  of  the  Femur  and 
their  Resultant. 
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The  Peculiar  Property  of  Bone  as  a  Building  Material. 

If  one  investigates  the  strengths  of  building  materials  one  finds 
that  some  of  them  have  a  very  great  crushing  or  compression  limit, 

whilst  others  have  a  very  great  tearing 
or  tension  limit,  but  that  no  material  is 
equally  strong  to  resist  both  compres¬ 
sion  or  tension.  Hence  the  scientific 
engineer  has  to-  choose  his  materials 
according  as  he  wishes  them  to  be  used 
as  struts  (to  bear  thrusts)  or  as  ties  (to 
be  subjected  to  tension). 

Bone ,  however,  has  the  unique  pro¬ 
perty  that  its  crushing  limit  is  approxi¬ 
mately  the  same  as  its  tearing  limit.  This 
is  seen  from  the  following  table  giving 
the  strengths  of  different  materials  : — 


Material. 

Tearing  Limit. 

Crushing  Limit. 

Kg.  per  Sq.  Mm. 

Kg.  per  Sq.  Mm. 

Cast  iron 

13 

73 

Wrought  iron 

41 

22 

Hammered  copper 

24 

41 

Brass  - 

12-4 

110 

Lead  - 

1-3 

5 

Wood(in  the  direc-j 

6  ‘o 

4-87 

tion  of  its  fibres)  j 

Cartilage 

0-17 

1-57 

H3-17  (according  to  Rauber 

j  9-1 2  (and  dim-1 

this  remains  constant  at 

Bone  - 

1  inishes  with  \ 

every  age,  but  according 

{  age).  ) 

to  Hulsen  it  increases 

^  with  age). 

ob 


If,  for  instance,  an  engineer  were  to  use  cast  iron,  both  as  a  strut 
and  as  a  tie,  in,  say,  the  building  of  a  bridge,  he  would  have  to  make 
that  part  which  is  subjected  to  tension  very  much  thicker  than  the 
part  which  has  to  bear  compression.  By  doing  so,  not  only  would 
he  have  to  waste  material,  but  he  would  cause  the  other  parts  of  the 
bridge  to  bear  unnecessary  weight,  and  those  parts  would  have  to  be 
made  stronger  too.  But  in  the  building  of  the  skeleton,  Nature  has 
chosen  a  material  which  is  equally  good  for  a  strut  as  for  a  tie. 

If  Culmann  was  the  prophet  who  made  the  bones  live,  Julius 
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Wolff,  of  Berlin  (who  died  in  1902),  was  the  faithful  scribe  who 
devoted  thirty  years  of  his  life  to  the  patient  work  of  chronicling  the 
wonderful  story  that  these  resuscitated  bones  had  to  tell.  He 
investigated  the  shape  and  structure  of  adult  and  growing  bones 
from  early  foetal  life  onwards,  and  showed  that  the  internal  design 
of  the  trabeculae  depends  entirely  on  the  stresses  and  strains  to 
which  the  bones  are  subjected.  He  found,  for  instance,  that  in 
badly  united  fractured  bones,  or  in  bones  that  have  been  bent,  as 
the  result  of  rickets,  when  the  pressure  and  tensions  to  which  they 
are  subjected  are  disturbed  along  new  directions,  the  lines  of 
trabeculae  throughout  the  whole  length  of  the  bone  assume  a  new 
design  so  as  to  conform  with  new  system  of  forces.  Similarly 
when  a  bone  from  one  part  of  the  body  (eg.,  the  lower  portion 
of  the  ulna)  is  transplanted  for  the  purpose  of  repairing  another 
bone  in  another  part  of  the  body  (such  as  a  diseased  metacarpal), 
the  transplanted  bone  very  rapidly  assumes  the  internal  architecture 
of  the  bone  it  has  displaced. 

Wolff’s  Law  of  Bone  Transformation. 

As  the  result  of  his  researches,  Wolff  announced  the  following  law  : 
“  Every  change  in  the  form  and  the  function  of  bones,  or  of  their 
functions  alone,  is  followed  by  a  certain  definite  change  in  their 
internal  architecture,  and  equally  definite  secondary  alterations  in  their 
external  conformation,  in  accordance  with  mathematical  laws.”  This 
law  explains  certain  deformities  in  children,  such  as  knock-knee, 
talipes,  etc.,  which  he  attributes  to  faulty  posture  or  faulty  action  of 
weak  or  fatigued  muscles.  As  the  result  of  this  the  trabecular  lines 
of  stress  inside  the  bone,  and  consequently  also  the  external  shapes 
of  the  bones,  undergo  changes  to  conform  with  new  direction  of 
the  forces;  “for  the  external  contour  represents,  mathematically, 
simply  the  curve  uniting  the  ends  of  the  various  trajectories  which 
make  up  the  internal  structure  of  a  bone.” 

Applications  of  Wolff’s  Law. 

(a)  Wolff  has  utilised  his  law  therapeutically  for  the  purpose  of  treat¬ 
ing  deformities.  He  argued  that  in  the  same  way  as  pathological 
deformities  call  forth  corresponding  changes  in  the  internal  architecture 
of  bones,  it  should  be  theoretically  possible,  and  he  actually  proved  it 
possible  clinically,  to  build  normal  architectures  in  abnormally  shaped 
bones  by  applying  graduated  pressure  in  the  requisite  direction  by 
means  of  plaster  of  Paris  bandages  (“  Etappen  Verband  ”).  Operative 
treatment  other  than  tenotomy  is  therefore,  according  to  him,  uncalled 
for,  even  in  bad  cases  of  genu  valgum  or  talipes.  “  In  the  same  way 
as  function  can  deform,  so  can  function  reform  bone.” 
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(b)  Fick  1  taught  that  the  pressure  of  superimposed  muscles 
tends  to  make  a  bone  thinner  at  that  part,  and  vice  versa,  but 
Wolff’s  law  is  antagonistic  to  Fick’s  theory.  On  the  contrary, 
increased  pressure  of  muscles  should  have  the  opposite  effect, 
because  more  bone  has  to  be  built  to  enable  it  to  support  the 
extra  pressure.  Indeed,  Wolff  has  demonstrated  that  in  well-marked 
genu  valgum,  for  example,  the  side  of  the  tibia  which  bears  the 
increased  pressure  shows  increased  bone  formation,  whilst  on  the 
side  on  which  the  pressure  is  diminished  there  is  absorption  of 
bone.  This  is  in  agreement  with  the  experiments  of  Sedillot,2  who 
excised  the  greater  part  of  the  shaft  of  the  tibia  in  young  puppies, 
and  found  that  the  fibula,  which  is  normally  about  one-fifth  of  the  girth 
of  the  tibia,  grew,  under  the  stimulus  of  the  new  weight  it  had  to 
support,  to  the  same  thickness  as  the  bone  which  was  excised,  and 
whose  function  it  had  taken  over. 

(c)  Growth  of  Bone . — It  is  usually  believed,  on  the  authority  of 
John  Hunter,  Flourens,  and  Kolliker,  based  upon  Du  Hamel’s 
experiments  of  180  years  ago  (see  below),  that  the  shaft  of  a  bone 
grows  in  thickness  by  the  deposition  of  new  bone  under  the  periosteum, 
and  that  simultaneously  with  this  deposition  of  bone  from  the  out¬ 
side,  there  is  absorption  of  bone  from  the  walls  of  the  medullary 
cavity.  Wolff  has  demonstrated  mathematically  that  such  a  theory 
is  untenable,  for  if  any  layer  of  bone  is  absorbed  from  the  interior, 
it  means  that  the  continuation  of  the  now  unsupported  lowest  stress 
lines  from  the  neck  and  head  of  the  bone  is  absorbed,  and  that, 
therefore,  these  trabeculae  themselves  must  also  vanish.  The  con¬ 
tiguous  stress  lines  in  the  extremity  of  the  bone  must  consequently 
shift  to  take  the  place  of  the  absorbed  trabeculae,  and  so  on  with 
each  contiguous  layer.  If  this  were  the  case,  it  can  be  shown  that 
during  the  process  of  growth,  stages  must  occur  in  which  the  lines 
of  trabeculae,  instead  of  crossing  each  other  orthogonally,  should 
intersect  at  angles  varying  in  size  from  0°  to  180°.  But  a  study 
of  bones  in  children  of  various  ages,  from  early  infancy  onwards, 
has  always  shown  rectangular  crossing  of  these  lines.  Similar 
reasoning  with  regard  to  apposition  leads  to  a  reductio  ad  absurdum. 
Moreover,  Wolff  examined  the  internal  architecture  of  bones  in  the 
same  child  at  different  ages  by  means  of  X-rays,  and  always  found 
the  law  of  orthogonal  intersection  of  the  trabecular  lines  to  hold 
true.3  It  must,  therefore,  be  concluded  that  the  osteoblasts  inside 

1  “  Uber  die  ursachen  der  Knochenformen,”  Gottingen,  1857. 

2  “  De  l’influence  des  fonctions  sur  la  constructure  et  la  forme  des  organes,” 
Compt.  Rend.,  1864,  1865,  1869. 

3  The  study  of  bone  architecture  in  the  living  by  means  of  X-rays  has  also 
been  made  by  Sudeck  and  by  Gallois  and  Bosquette  [Rev.  de  Chir.,  37,  1908). 
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the  bone  itself  constantly  keep  on  forming  new  bone  and  re¬ 
building  it :  remodelling  the  architecture  in  such  a  way  as  always 
to  maintain  the  complex  design  throughout  the  period  of  growth. 
Whenever  any  interstitial  osteoblast  forms  any  new  bone,  the  new 
material  is  at  once  laid  down  along  the  lines  of  stress  where,  as  we 
have  seen,  there  is  no  shearing  force.  For  any  tendency  on  the 
part  of  the  newly-built  bony  particles  to  distribute  themselves  in 
any  other  direction  is  at  once  checked  by  the  action  of  shearing 
forces,  which  push  the  new  material  along  the  proper  lines  of  tension 
and  compression.  As  Keith  has  neatly  put  it,  “  the  osteoblasts  are  the 
engineers  who  do  their  work  according  to  exact  mathematical  laws.”1 

Macewen’s  Work. 

We  have  seen  that  by  purely  mathematical  speculation  Wolff  has 
deposed  the  periosteum  from  the  high  and  time-honoured  position 
it  has  occupied  as  a  structure  specially  endowed  with  osteogenetic 
properties.  Wolff  confirmed  his  theory  experimentally,  for  he 
showed  that,  contrary  to  the  usual  belief,  the  periosteum  possessed 
very  little  osteogenetic  properties  in  young  animals.  What  seems  to 
be  the  most  fatal  blow,  however,  has  been  recently  dealt  by  Macewen 
of  Glasgow.2  The  following  is  a  resume  of  his  experiments  : — 

1.  He  removed  a  circle  of  periosteum  from  the  entire  circum¬ 
ference  of  the  shaft  of  the  radius  and  placed  a  metal  ring  round  the 
denuded  bone.  After  twelve  weeks  the  ring  was  completely  covered 
by  bone  and  became  invisible,  except  with  X-rays.  This  is  the  direct 
opposite  of  Du  Hamel’s  results.  That  observer  found,  in  1739,  that 
a  silver  ring  placed  under  the  periosteum  of  young  pigeons’  bones 
became  covered  by  bone  after  some  time,  and  concluded  that  the 
periosteum  deposited  the  bone  round  the  ring.  Macewen’s  finding 
shows  that  the  periosteum  has  nothing  to  do  with  the  growth  of  bone 
round  the  ring. 

2.  Macewen  next  removed  sub-periosteally  about  2  in.  of  the 
whole  circumference  of  the  shaft  of  the  radius  in  one  animal,  and  the 
whole  shaft  and  epiphysis  in  another  animal,  and  left  the  periosteum 
in  situ  in  each  case.  After  ten  weeks  in  the  first  case,  and  six  weeks 
in  the  second,  he  found  no  bone  productions  from  the  periosteum. 

3.  Heterotopically  transplanted  periosteum  ( e.g .,  a  periosteal  flap 
2J  in.  long  raised  from  the  radius  and  placed  in  contact  with  the 
jugular  vein  in  the  neck)  gave  rise  to  no  bone  seven  weeks  after. 
Experiments  1-3,  therefore ,  prove  that  periosteum  has  no  power  to 
form  hone. 

1  The  Lancet  for  15th  February  1918. 

2  “The  Growth  of  Bones,’'  1912. 
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4.  The  periosteum  was  removed  from  the  entire  circumference 
of  the  whole  shaft  of  a  growing  bone ;  after  twelve  weeks  the  bone 
was  found  living  and  growing. 

5.  Macewen  grafted  bone  deprived  of  its  periosteum  from  the 
radius  of  one  animal  into  that  of  another ;  twelve  weeks  after,  the 
continuity  of  the  shaft  was  restored.  Similar  transplantation  of  the 
whole  shaft  of  denuded  bone  showed,  eleven  weeks  after,  complete 
restoration  of  the  shaft. 

6.  Heterotopic  transplantation  of  shavings  of  bone  without 
periosteum  into  the  intra-muscular  septa  of  the  neck  gave  rise  to 
growth  of  fresh  bone  seven  weeks  later.  Similar  transplantation  of 
bone-dust  into  the  peritoneum  showed  absorption  of  bone — possibly 
because  the  heat  evolved  by  the  bur  destroyed  the  osseous  cells. 
Experiments  3-6  prove  that  the  power  of  forming  neiv  bone  resides  in 
the  bone  itself. 

As  a  result  of  these  experiments  one  is  forced  to  conclude  that 
the  periosteum  has  no  osteogenetic  powers,  and  that  its  sole  function 
is  to  limit  the  distribution  of  osteoblasts  within  specific  boundaries. 
The  practical  importance  of  these  experiments  is  obvious.  They 
teach  us  that  in  the  surgical  removal  of  pieces  of  bones  (such  as 
resection  of  the  ribs  for  empyema,  etc.)  it  is  not  necessary  to  take 
extra  care  to  leave  the  periosteum  behind. 

The  question  is,  however,  by  no  means  settled  yet.  Leriche  and 
Policard1  maintain  that  the  periosteum  can  build  bone  at  any  age,  and 
that,  surgically,  it  is  the  most  manageable  element  for  osteogenesis. 

All  controversy  with  regard  to  the  osteogenetic  power  of  periosteum  really 
revolves  round  the  exact  meaning  of  the  term  periosteum.  Those  who  attribute 
to  the  membrane  the  power  of  bone  production  include  in  the  term  periosteum 
the  layer  between  the  fibrous  membrane  and  bone,  which  is  rich  in  osteoblasts, 
whilst  those  who  deny  such  powers  to  the  periosteum  understand  by  that  term 
only  the  fibrous  sheath.”  2 

Growth  in  Length  takes  place  from  the  epiphyseal  cartilage,  as 
can  be  proved  by  the  removal  of  the  shaft  of  the  radius,  together 
with  the  periosteum  for  \  in.  from  each  epiphyseal  line,  when  it 
is  found  that  the  gap  is  filled  up  by  new  bone  from  each  epiphysis. 
Moreover,  if  one  of  the  epiphyses  is  injured,  it  is  found  that  the 
growth  from  that  epiphysis  is  impaired.  Hence  in  injuries  and 
diseases  in  children  when  the  epiphysis  may  become  separated 
from  the  shaft,  stunting  of  the  bone  may  result  unless  appropriate 
treatment  is  applied  to  preserve  the  continuity  between  the 
epiphysis  and  the  shaft.  It  is  therefore  necessary  for  the  surgeon 

1  Paris  Med.,  26,  1918,  143. 

2  See  W.  I.  de  C.  Wheeler,  “Some  Points  about  Bone  Grafts,”  Brit .  Med. 
J ourn .,  Feb.  1,  1919,  p.  119. 
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to  remember  the  ages  at  which  the  various  epiphyses  stop  growing. 
These  are  given  in  all  books  of  anatomy. 

Growth  of  bone  depends  in  some  way  upon  the  internal 
secretion  of  the  thyroid  and  hypophysis  cerebri  (pituitary  body). 
Thus  extirpation  of  the  hypophysis  in  puppies  leads  to  a  stunting 
of  the  skeletal  growth,  whilst  the  association  of  acromegaly  with 
disease  of  the  pituitary  body  is  a  well-known  clinical  fact.  (See 
Chap.  XXXVIII.) 

The  Configuration  of  the  Trabeculae  in  the  Foetus  and  Young  Infant. 

An  interesting  question  from  the  point  of  view  of  this  book  is  : 
“  whether  or  no  the  normally  mathematically  perfect  design  of  the 
inner  architecture  of  bone  is  found  in  foetal  and  young  infants’ 
bones,  that  is  to  say,  at  a  time  when  the  bones  have  not  yet  been 
subjected  to  the  normal  mechanical  influences.”  Wolff  agrees  with 
Meyer  that  the  arrangement  of  the  trabeculae  has  the  same 
geometrical  design  from  the  foetal  through  infant  up  to  adult  age. 
Indeed,  as  “soon  as  any  cartilaginous  part  becomes  ossified,”  says 
Wolff,1  “it  at  once  assumes  the  architecture  that  will  be  necessary 
for  the  subsequent  duties  of  that  portion  of  the  bone.”  In  other 
words,  the  trabecular  design  is  an  hereditary  feature.  This  latency 
of  architecture  in  foetal  cartilage  is,  according  to  Wolff,  not 
surprising,  for,  in  the  same  way  as  we  find  that  the  foetal  eye  is  a 
physiologically  perfect  organ  before  it  is  called  upon  to  perceive 
light,  so  it  is  only  to  be  expected  that  when  the  child  commences 
to  walk  it  should  have  the  bones  ready  for  that  function.  Zschokke, 
Roux,  Bernays,  and  Keith  are  of  the  same  opinion.  On  the  other 
hand,  R.  Schmidt 2  and  H.  Bernhardt 3  have  drawn  attention  to  the 
fact  that  the  trabecular  curves  in  the  head  of  the  femur  of  the  seven 
months’  foetus  and  of  the  new-born  baby  are  all  concave  upwards, 
whilst  those  in  a  boy  one  and  a  quarter  years  old,  though  belonging 
to  the  two  systems  with  the  concavities  upwards  and  downwards 
respectively,  intersect  at  an  acute  instead  of  at  right  angles ;  and 
D’Arcy  Thompson,4  says  that  “  Here  for  once  it  is  safe  to  say  that 
‘  heredity  ’  cannot  be  invoked  to  account  for  the  configuration 
and  arrangement  of  the  trabeculae.”  If,  as  seems  possible,  the 
design  of  the  trabeculae  is  not  an  hereditary  feature,  the  question 
that  arises  is,  “  Why  does  not  the  infant’s  femur  give  when  the 
child  begins  to  walk?”  A  possible  answer  is  that  (1)  the  lower 
limbs  in  the  infant  are  proportionately  shorter  than  they  are  in 
later  life  (see  pp.  330  and  331),  and  it  is  a  well-known  mechanical 

1  “  Das  Gesetz  der  Transf.  der  Knochen,”  Berlin,  1892,  p.  75. 

2  Zeitschr.  Zoologie ,  65,  1898,  p.  65. 

3  “  Uber  die  Vererbuug  der  inneren  Knochen-architectur  und  die  Teleologie,” 
Dissert.,  MUnchen,  1907,  Zeitschr.  f.  die  Ausbau  der  Entwickelunglehre ,  1,  1907, 
305-323. 

4  “Growth  and  Form,”  Cambridge,  1916,  p.  687. 
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principle  that  a  shorter  column  can  bear  a  proportionately  heavier 
weight  than  a  larger  one.  For  whilst  the  strength  of  a  bone  varies 

with  the  area  of  its  cross-section,  i.e.,  with  th z  square 
of  its  linear  dimensions,  the  weight  of  the  body  is 
Trunk  proportional  to  the  cube  of  its  linear  dimensions. 
(2)  When  a  child  begins  to  walk,  it  does  so  with 
its  hip  and  knee  joints  slightly  flexed,  and  therefore 
the  femora,  instead  of  having  to  bear  the  whole 
weight  of  the  body,  have  only  to  bear  a  portion  of 
the  weight  represented  by  the  component;  along  the 
direction  of  the  limbs,  as  represented  in  the  dia¬ 
gram  (Fig.  75). 

These  facts  also  explain  why  the  liability  to 
fracture  as  the  result  of  a  fall  is  less  in  infants  than 
in  adults,  and  much  less  in  small  than  in  large 
animals.  A  cat,  for  instance,  can  jump  down  a 
height  many  times  the  height  of  its  body  without 
breaking  its  bones. 

What  has  been  said  of  the  femur  applies  equally  to  all  other 
bones.  Indeed,  the  whole  skeleton  resolves  itself  into  an  enormous 
number  of  trabecular  lines  of  stress  which  are  either  parallel, 
diverging,  or  intersecting.  They  are  interrupted  at  the  ends  of 
bones,  but  are  resumed  at  the  beginning  of  the  contiguous  bones 
(see  Fig.  76). 


Fig.  75. 


The  Bone  Marrow. 

In  the  Adult  the  marrow  is  of  two  kinds,  viz.,  red  and  yellow. 
The  yellow  marrow  occupies  the  medullary  cavity  of  long  bones, 


Pig.  76. 


and  consists  chiefly  of  fat  cells  and  blood  vessels.  The  red 
marrow  is  found  in  the  interstices  between  the  cancellous  tissue. 

hi  the  Foetus  and  Young  Infants  the  marrow  is  red  throughout 
the  whole  length  of  the  bone. 

The  Structure  of  Red  Marrow. — Pappenheim’s  researches  have 
shown  that  red  marrow  contains  the  following  cells  (among  others): — 
1.  Marrow  Cells,  which  are  granular  and  amoeboid,  and  resemble 
large  leucocytes.  They  give  rise  to  leucocytes. 
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2.  Red  Nucleated  Cells  (erythroblasts),  which  give  rise  to  red 
blood  corpuscles. 

3.  Myeloplaxes  or  giant  cells ,  i.e.,  large  multinucleated  cells. 

4.  The  various  kinds  of  white  cells. 

In  the  foetus  and  young  infant  these  different  cells  constitute 
the  whole  of  the  marrow,  but  as  the  child  grows  these  cells  become 
enclosed  in  spaces  formed  by  fatty  connective  tissue  fibres.  The 
investigations  of  Garmatchoff1  have  shown  that  these  fibres  are 
first  met  with  at  the  second  month,  and  they  gradually  increase  in 
number  until  at  the  age  of  fourteen  years  the  reticular  appearance 
of  the  red  marrow  becomes  indistinguishable  from  that  of  an  adult. 
At  the  same  time  as  these  spaces  increase  in  number  they  also 
increase  in  size. 

At  first  they  are  the  size  of  a  red  cell,  but  at  the  age  of  two 
years  they  assume  the  size  of  large  lymphocytes.  At  the  age  of 
eleven  years  they  are  of  the  same  size  as  in  the  adult. 

As  regards  the  individual  cells,  Garmatchoff  has  shown  that  in 
the  foetus  and  new-born  infant  there  is  a  preponderating  number 
of  nucleated  red  cells  ;  towards  the  end  of  the  first  month  the  red 
and  white  cells  become  equal  in  number,  and  after  that  the  white 
cells  are  more  numerous  than  the  red.  Of  the  white  cells,  the 
lymphocytes  are  abundant  in  the  foetus,  but  from  the  first  day  of 
extra-uterine  life  the  myelocytes  appear  in  preponderating  numbers. 
From  the  fourth  year  onwards  the  number  of  lymphocytes  becomes 
very  limited.  Myeloplaxes  and  eosinophile  cells  are  not  numerous 
at  any  time,  but  they  are  most  common  during  the  first  year. 

The  first  sign  of  transformation  of  red  into  yellow  marrow 
occurs  in  the  fourth  year,  and  at  the  age  of  fourteen  years  the 
proportion  of  red  and  yellow  marrow  is  the  same  as  in  the  adult. 

Summarising  the  above  results  we  conclude  that : — 

1.  The  red  marrow,  which  is  one  of  the  sources  of  blood  cells 
in  the  adult,  is  one  of  the  chief  blood-forming  organs  in  the 
growing  infant.  In  the  adult,  whenever  an  excessive  demand  for 
blood  cells  arises  in  the  body,  e.g,  in  cases  of  severe  bleeding  (as 
has  been  proved  experimentally  in  animals)  or  in  pathological 
conditions  in  which  there  is  a  continual  destruction  of  red  cells, 
such  as  in  pernicious  anaemia,  the  yellow  marrow  becomes 
reconverted  into  red,  and  the  long  bones  become  entirely  filled 
with  red  marrow  as  in  the  infant.  But  in  the  infant  there  is  very 
little  reserve  for  the  formation  of  red  cells  and  hence  the  younger 
the  infant  the  less  well  it  can  stand  the  loss  of  blood. 

2.  The  changes  in  the  cellular  constitution  of  red  marrow  take 
place  pari  passu  with  the  morphological  changes  in  the  blood. 


1  Dissert.,  St  Petersburg,  1902. 
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THE  MUSCULAR  SYSTEM 

“Muscles  are,  in  a  most  intimate  and  peculiar  sense,  the  organs  of  the  will. 
They  have  built  all  the  roads,  cities,  and  machines  in  the  world,  and  in  fact  done 
everything  that  man  has  accomplished  with  matter.  If  they  are  undeveloped  or 
grow  relaxed  and  flabby,  the  dreadful  chasm  between  good  and  bad  intentions 
and  their  execution  is  liable  to  appear  and  widen.”  G.  Stanley  Hall.1 

Structure.— The  muscles  of  the  new-born  infant  have  been  shown 
by  microscopic  examinations  to  be  not  yet  fully  developed.  Harting 
found  that  during  intra-uterine  life  the  volume  of  the  connective 
tissue  between  the  bundles  of  muscle  fibres  is  greater  than  that  of 
the  muscle  bundles,  but  that  at  birth  the  proportion  is  the  same  as 
in  the  case  of  the  adult.  Various  authorities  have  shown  that  the 
number  of  bundles  increases  only  during  intra-uterine  life,  but  that 
after  birth  their  number  gradually  diminishes  as  the  result  of  the 
confluence  of  several  bundles  into  one. 

According  to  Kolliker  the  individual  fibres  are  five  times  as  thin 
in  the  new-born  infant  as  they  are  in  the  adult,  and  it  is  this 
increase  in  girth  of  the  muscle  fibres  that  accounts  for  the  increased 
thickness  of  muscles  with  age. 

A.  Westphal2  found  that  the  fibres  of  one  and  the  same  muscle 
are  not  of  uniform  thickness,  but  that  the  average  thickness  at 
various  ages  is  as  follows  : — 

At  birth  -  -  -  5-10  [j- 

At  1  year  -  -  -  28  ,, 

In  the  adult  -  -  -  36  ,, 

A  characteristic  feature  of  child’s  muscles  is  their  richness  in 
nuclei,  which  are  distinguished  by  their  great  size.  The  infant’s 
muscles  are  paler,  richer  in  water,  and  more  delicate  than  in  the 
adult.  The  individual  fibres  are  round  at  birth  (as  contrasted 
with  the  polygonal  shape  of  adult  muscle  fibres).  At  three  weeks 
some  of  the  fibres  become  polygonal,  and  even  at  one  year  Westphal 
found  a  considerable  number  of  round  fibres. 

MacCallum  3  gives  the  following  table  of  areas  of  cross-sections 

1  “Adolescence,”  vol.  i. ,  p.  131. 

2  Arch.  Psychiatrie ,  1894. 

3  Bulletin ,  / ohns  Hopkins  Hospital ,  ix.,  1898,  p.  208. 
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of  the  whole  human  sartorius,  of  its  individual  fibres,  and  the 
number  of  fibres  in  pre-natal  life,  at  birth  and  in  the  adult  : — 


Length 
of  Body 
in  Cm. 

Area  of  Cross- 
Section  of  Whole 
Muscle  in 

Area  of  Cross- 
Section  of  One 
Fibre  in 

Number  of 

Fibres  -. 
b 

Mm.2  (a). 

Mm.2  0 b ). 

Adult  - 

1 — » 

GO 

O 

R.  116-48 

0-0008196 

142,118 

L.  108-252 

0-0007936 

136,406 

New-born  - 

50  ( 

R.  11-557  \ 
12-316  / 

0-000102 

/  113,304 
\  120,745 

Embryo, No. 

7-4 

0-382858 

0-00005882 

6,509 

64  (vertex 
to  breech) 

0-00003937 

No.  B. 

10*2 

1-02578 

26,055 

„  65 

13-0 

1-02164 

0*0000226 

45,205 

„  98 

17-0 

5-7578 

0-00004484 

128,408 

„  A. 

20 

8-417 

0-0000555 

151,617 

Chemical  Composition. — This  has  already  been  described  in 
detail  in  Chap.  XV. 

Physical  Properties. 

Muscle  possesses  the  following  three  physical  properties  : — 

1.  Extensibility,  i.e.,  the  power  of  stretching  under  the  influence 
of  a  small  force.  This  property  is  of  value  in  allowing  a  group 
of  muscles  to  act  easily  without  strong  opposition  by  an  antagon¬ 
istic  group,  so  that  very  little  of  the  energy  of  contraction  of  the 
acting  muscles  is  expended  in  stretching  the  opposing  muscles. 

The  extensibility  of  muscle  differs,  however,  from  that  of  other 
extensible  substances  like  rubber  in  that  the  extension  is  not 
proportional  to  the  weight,  but  gradually  decreases  with  each 
increment  of  weight. 

In  the  case  of  inorganic  matter  the  elongation  y  follows  the  formula 
(where  y  —  elongation,  .r  =  weight,  and  K  =  constant).  Whilst  in  the  case 
of  muscle  the  formula  is  y2  =  ax2  +  bx  (where  a  and  b  are  constants). 

The  extensibility  is  measured  by  the  ratio  of  the  increment  in 
length  produced  by  unit  stretching  force  per  unit  area  of  cross- 

Is 

section,  to  the  original  length  of  the  muscle  (where 

/=  elongation,  ^  =  area  of  cross-section,  L  =  original  length,  and 
F  =  stretching  force). 

2.  Elasticity ,  i.e.,  the  power  of  completely  returning  to  its 
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original  length  when  the  stretching  force  is  removed,  provided  the 
distortion  produced  by  the  force  has  not  been  too  great. 

When  the  limit  of  elasticity  of  a  muscle  has  been  overstepped, 
then  its  extensibility  begins  to  increase  with  the  increment  of 
weight.  The  coefficient  of  elasticity  of  muscles  decreases  with 
age.  Thus  human  muscle  has  an  elasticity  coefficient  of  L271  kg. 
at  one  year,  but  one  of  0261  kg.  only  at  seventy-four  years. 

Vierordt 1  gives  the  following  table  : — 


Age  in  Years. 

Specific  Gravity. 

Coefficient  of 
Elasticity  in  Kg. 

Cohesion  in  Kg. 

1 

1-071 

1-271 

0-070 

21 

1-049 

0-857 

0-040 

30 

1-058 

0-352 

0-026 

74 

1-045 

0-261 

0-017 

By  the  coefficient  of  elasticity,  or  Young’s  modulus  of  elasticity,  is  meant  the 
quotient  of  the  distorting  force  acting  on  the  unit  area  of  muscle  by  the  elonga¬ 
tion  produced,  i.  e. ,  e  = 


Where  h  =  original  length. 

F  —  stretching  force. 

/=  elongation. 
j'---area  of  cross-section. 

. '.  Coefficient  of  elasticity  is  the  reciprocal  of  the  extensibility. 

From  the  peculiar  extensibility  of  muscle,  which  applies  to 
involuntary  as  well  as  voluntary  muscles,  it  follows  that  in  an 
artery  already  distended  by  a  high  blood  pressure,  the  beat  of  the 
heart  will  cause  less  expansion  than  in  one  in  which  the  pressure 
is  lower,  and  hence  in  infants  in  whom  the  blood  pressure  is 
low,  we  would  expect  the  systolic  rise  in  the  sphygmographic 
tracing  to  be  relatively  greater  than  in  the  adult. 

3.  Contractility ,  i.e.,  the  power  to  contract  on  the  application  of 
a  stimulus  such  as  mechanical  (e.g.,  sharp  pinching  or  tapping), 
thermal  (e.g.,  touching  with  a  hot  wire),  chemical,  electrical,  or 
nervous.  This  property  of  contractility  is  the  most  important  of 
all ;  it  is  in  virtue  of  this  that  muscle  does  its  work. 

Electrical  Excitability  of  Child’s  Muscle. 

We  have  already  discussed  Soltmann’s  work  on  the  electrical 
excitability  of  muscle  in  new-born  animals.  (See  Chap.  XV.) 
Patrici  and  Mensi,2  as  well  as  A.  Westphal,3  studied  the  electrical 
excitability  of  various  muscles  in  living  children  from  one  hour  to 

1  “  Daten  und  Tabellen,”  p.  426. 

2  “  La  Pediatria,”  1893.  3  Loc.  cit. 
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eight  years  old,  and  compared  it  with  that  of  an  adult  thirty  years 
of  age.  The  muscles  that  Westphal  studied  were  the  frontalis, 
biceps,  extensor  communis  digitorum,  vastus  internus,  and  per- 
oneus  longus,  and  the  currents  he  used  were  the  galvanic  and 
Faradic  respectively.  He  measured  the  strength  of  the  galvanic 
current  in  milliamperes  required  to  cause  a  contraction  of  the 
muscle  by  means  of  a  galvanometer,  and  the  strength  of  the 
Faradic  current  required  for  the  same  purpose  by  the  distance  in 
millimetres  of  the  primary  from  the  secondary  coil. 

He  also  studied  the  electrical  resistance  of  these  individual 
muscles  in  Ohms.  He  found  the  following  results  : — 

In  practically  all  the  muscles  the  response  to  both  galvanic 
and  Faradic  stimulation  is  low  during  the  first  few  weeks  of  life, 
so  that  stronger  currents  are  necessary  to  produce  contraction. 
After  the  fifth  week  this  diminished  excitability  disappears. 

The  following  is  a  specimen  of  his  result  (in  the  case  of  the 
peroneus  longus)  : — 


Age. 

Faradic 

(Distance  between 
the  Coils  in  Mm.). 

Galvanic  in 
Milliamperes. 

1  hour  - 

85 

2 

4  hours  - 

75 

2-5 

7  „  -  -  - 

90 

1*6 

1  day 

75 

.  .  . 

2  days  - 

65-70 

2*4 

3  „  -  -  - 

60 

6-4 

4  „  -  - 

75 

4-5 

5  „  -  -  - 

70 

10-0 

6  „ 

70 

10-4 

7  „  - 

70-80 

2-0-10-0 

13  „ 

85-90 

1*2-1  5 

3  weeks 

85-90 

2-5-4-0 

5  „  -  -  - 

90 

2-0 

3  months 

100 

3-0 

4  „ 

95 

1-2 

7  „  -  - 

125 

1-75 

8  „  - 

100 

1-2 

11  „  -  - 

95-100 

1-0-1 -3 

2  years  - 

109 

1-8 

8  „ 

95 

T2 

30  „  -  -  - 

100 

0-7 

Westphal  further  confirms  Soltmann’s  results  with  regard  to 
the  character  of  the  myogram.  The  muscle  wave  has  not  the 
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“  lightning  ”  character  which  is  characteristic  of  adult  muscle,  viz.,  a 
rapid  contraction  followed  by  a  rapid  relaxation.  It  is,  on  the  con¬ 
trary,  characterised  in  the  young  individuals  examined  by  the  slow 
contraction  and  equally  slow  relaxation.  These  myographic  char¬ 
acters  were  found  both  on  galvanic  and  Faradic  stimulation,  and 
both  with  the  cathodic  and  anodic  current.  The  closing  currents 
showed  these  characters  more  distinctly  than  when  the  opening 
current  was  used.  Further,  the  smaller  the  excitability  of  the 
muscle,  the  more  characteristic  is  its  myogram. 


I  2 

? 

Premature 

— — — ■ — -  new-born  infant 

A/V 

\AA> 

VVXAAAAAAAAAAAAAAAAAAAAAAAAAA/ 

Mature 

new-born  infant 


vvwvwwwwvwwwvw 


Mu5cular 

atrophy 


x/VWVVVWVVWWWWWVWVWV 


Rickets 


Tetany 


Fig.  77. — Myograms  of  Healthy  and  Unhealthy  Children.  The 
interval  between  1  and  2  is  the  latent  period. 


Krasnogorski*  1  made  a  comparative  study  of  the  various  phases 
of  the  myogram  in  healthy  premature  and  mature  infants  from 
birth  onwards,  and  in  infants  suffering  from  rickets,  tetany,  and 
various  forms  of  muscular  atrophy.  His  results  are  shown  in  the 
table  on  p.  355  (see  curves,  Fig.  77). 

From  these  results  Krasnogorski  draws  the  following  con¬ 
clusions  : — 

1  In  premature  infants  the  contraction  is  slow,  the  latent 
period  is  long,  and  the  duration  of  the  curve  (contraction  + 
relaxation)  is  about  twice  as  long  as  in  other  healthy 
infants. 


1  Jahrb.  f.  Kinderheilk ,  79,  1914. 
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2.  The  myogram  of  the  mature  new-born  infant  does  not  differ 
perceptibly  from  that  of  an  older  child  except  that  its  latent  period 
is  somewhat  shorter. 


Age. 

State  of 
Health 

Latent 
Period  in 
ttutc  Sec. 

Maximum 
Reached  in 
T'o'ov  Sec. 

Duration  of 
Curve  in 
roVcr  Sec. 

Height  of 
Contrac¬ 
tion  in  Mm. 

Premature 

Good 

31-6 

6T5 

688-9 

20-5 

3  hours  - 

55 

17-2 

50-8 

393-1 

15-0 

3  weeks  - 

5  5 

18*3 

52-5 

304-2 

19-0 

6  months 

5  J 

21-8 

58-8 

272-3 

18-5 

10  years  - 

Muscular 

atrophy 

22-8 

50-0 

357-9 

7-5 

14  months 

Rickets 

17-9 

63-2 

394-8 

21-5 

5 

Tetany 

21*6 

53-4 

915-5 

25-0 

3.  Rickety  infants  show  a  short  latent  period,  a  prolonged 
period  of  contraction,  and  a  somewhat  prolonged  duration  of  the 
total  curve.  Fatigue  sets  in  quickly. 

4.  In  tetany  the  latent  period  is  much  shorter,  and  the  total 
duration  of  the  curve  is  much  prolonged  (to  three  times  the  normal). 
The  height  of  the  contraction  is  greater.  This  is  probably  due  to 
increased  excitability  of  the  nervous  system. 

5.  In  muscular  atrophies  the  latent  period  is  somewhat 
lengthened,  and  the  height  of  the  contraction  is  very 
small. 

Electrical  Resistance. 

Westphal  agrees  with  Erb  and  Jolly  that  young  infants  up  to 
five  weeks  possess  a  great  resistance  to  electrical  currents.  This 
he  attributed  to  the  fine  lanugo  hair  which  is  found  on  young 
babies’  skins.  The  results  are  shown  in  the  table  on 
p.  356. 

Another  point  noticed  by  Westphal  is  that  infants  up  to  three 
weeks  are  completely  insusceptible  to  the  passage  of  electric 
currents.  In  many  cases  currents  of  such  intensity  were  used 
(i e.g 10  milliamperes)  as  would  be  intolerable  to  an  adult,  and 
yet  these  babies  bore  these  currents  without  the  slightest  evidence 
of  discomfort.  This  is  probably  to  be  explained  by  the  imperfect 
development  of  the  brain,  as  well  as  of  the  peripheral  nerves. 
(See  Chap.  XXXV.) 
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Age. 

Resistance 
in  Ohms. 

1  hour 

7,000 

4  hours 

10,000 

7  „  -  - 

10,110 

1  day  ) 

11,110 

2  days  J 

3  „ 

3,400 

4  ii  I 

5  i,  J 

11,110 

6  „  -  - 

7,000 

7  „  -  - 

4,000-10,000 

13  „  -  - 

4,110-5,700 

Age. 

Resistance 
in  Ohms. 

3  weeks 

8,000 

K 

jj 

4,000 

3  months  - 

2,000 

4  „ 

1,500 

7  „ 

2,000 

8  ,,  - 

3,700 

ii  „ 

790-1,700 

2  years 

1,700 

8  „  - 

500 

30  „  -  - 

4,300 

Correlation  between  Anatomical  Structure  of  Child  Muscle  and 
its  Response  to  Stimulation. 

Westphal  believes  that  the  smaller  diameter  of  the  fibres,  and 
their  richness  in  large  nuclei,  explains  the  low  degree  of  excitability 
of  young  muscle.  Thus  Ranvier  distinguishes  in  the  rabbit  two 
kinds  of  striped  muscle — pale  and  red  (the  adductor  magnus  is 
pale,  and  the  semitendinosus  is  red).  The  white  muscle  is  char¬ 
acterised  by  its  distinct  striation  and  relatively  few  nuclei,  whilst 
red  muscle  have  also  long  striations  and  numerous  nuclei.  The 
white  is  very  easily  excitable  electrically,  whilst  the  red  have  a  low 
degree  of  excitability,  and  contract  very  slowly.  In  man  there  is 
found  only  red  muscle,  but  one  comes  across  varying  numbers  of 
fibres  which  have  the  character  of  white  muscle  fibres,  and  hence 
the  degree  of  excitability  of  various  human  muscles  varies  with  the 
relative  number  of  red  and  white  fibres  in  these  muscles.  The 
muscles  of  the  new-born,  however,  resemble  the  red  type,  and 
this  may  explain  their  characteristic  response  to  electrical  stimu¬ 
lation. 

Muscle  Force. 

Consider  a  muscle  with  parallel  fibres,  which  is  made  to  lift  a 
load  W.  Let  the  number  of  fibres  in  the  muscle  be  N,  then  the 

W 

weight  raised  by  each  fibre  is  From  this  it  follows  that  the 

load  which  can  be  raised  by  a  muscle  is  proportional  to  the 
number  of  fibres  or  its  sectional  area.  This  has  been  shown 
by  Kotelmann  (quoted  by  Vierordt)  to  be  the  case  at  various  ages, 
thus : — 
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Age. 

(«) 

Circumference 
of  Upper  Arm, 
Cm.  (2  7 tv). 

(*) 

Cross-Section 
in  Sq.  Cm. 

(7rr2). 

(c) 

Force  in  Kg. 
as  Measured  by 
Dynamometer. 

b 

Ratio  _ 
c 

(Force  per 
Unit  Area). 

9  years 

18*43 

26-94 

20-88 

1-290 

10  „ 

18-87 

28-26 

21-39 

1-321 

H  „ 

19-61 

30-55 

23-33 

1-309 

12  „ 

20-34 

32-97 

25-51 

1-292 

13  „ 

20-82 

34-23 

26-74 

1-280 

14  „ 

22-24 

39-34 

31-10 

1-265 

21  „ 

29-08 

67-20 

52-80 

1-273 

Absolute  Muscle  Force. 

By  this  is  meant  the  force  exerted  by  unit  area  of  cross-section 
of  a  muscle.  From  the  last  column  in  the  above  table,  we  see  that 
the  absolute  muscle  force  for  any  muscle  or  groicp  of  muscles  remains 
practically  constant  at  all  ages.  Indeed,  the  minimum  (1*265)  differs 
from  the  maximum  (1*321)  by  only  4  per  cent. 

The  absolute  muscle  force,  though  remaining  constant  for  the 
same  muscle  in  the  same  individual,  is  not  the  same  for  different 
muscles  of  the  same  individual,  or  for  the  same  muscles  of  different 
animals.  Thus,  while  a  square  centimetre  section  of  a  frog’s 
gastrocnemius  can  raise  a  weight  of  3  kg.,  the  same  area  of  gas¬ 
trocnemius  from  a  warm-blooded  animal  will  raise  about  6  kg., 
i.e.,  the  absolute  muscle  force  of  a  frog’s  gastrocnemius  is  only  half 
that  of  a  warm-blooded  animal.  Exercise ,  although  it  increases 
muscle  force ,  probably  does  not  increase  absolute  muscle  force  per  unit 
area  of  cross-section,  since  the  thickness  of  a  muscle,  and  there¬ 
fore  the  area  of  its  cross-section,  increases  with  exercise. 

Another  interesting  point  in  this  connection  is  the  relative 
strengths  of  animals  of  various  sizes.  Thus,  a  horse  cannot  drag 
more  than  its  own  weight,  whilst  some  insects  can  drag  no  less 
than  sixty  times  their  own  weight.  This,  however,  does  not 
necessarily  mean  that  the  absolute  muscle  force  of  an  insect  is 
sixty  times  that  of  a  horse.  For  we  know  that  while  the  body 
weight  of  an  animal  varies  with  the  cube  of  its  linear  dimensions, 
the  cross-section  of  the  muscles,  on  which  the  absolute  muscle 
force  depends,  increases  in  proportion  to  the  square  of  its  linear 
dimensions.  If,  therefore,  the  absolute  muscle  force  be  the  same 
throughout  the  animal  kingdom,  large  animals  should  theoretically 
be  able  to  drag  a  smaller  proportion  of  their  body  weight  than 
smaller  animals.1 

1  See  Schafer’s  “  Physiology,”  vol.  ii.,  p.  243. 
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While  the  force  of  a  muscle  depends  upon  its  cross-section,  the 
work  performed  by  the  muscle  which  is  force  x  distance,  necessarily 
varies  with  the  cross-section  x  length,  i.e.,  with  the  whole  mass  of 
the  muscle.  As  the  total  mass  of  muscular  tissue  in  the  infant 
is  only  23 '4  per  cent,  of  the  weight  of  the  body  as  compared  with 
43  per  cent,  in  the  adult,  it  follows  that  the  amount  of  work  that 
can  be  performed  by  a  child  is  not  only  absolutely,  but  also 
relatively,  less  than  in  the  adult. 

Maximum  Amount  of  Work  Obtainable  from  a  Muscle. 

If  a  muscle  loaded  with  various  weights  is  stimulated  by  an 
electric  current  to  contract,  and  the  extent  of  its  contraction  is 
recorded  on  a  smoked  surface,  then  the  amount  of  work  done  by 
the  muscle  can  easily  be  calculated  by  multiplying  the  load  by  the 
height  to  which  it  is  lifted.  The  following  table  shows  the  type  of 
the  results  that  are  obtained  from  such  an  experiment : — 


Load  (W) 
in  Gm. 

Lift  [h) 
in  Cm. 

Work  (W/z) 
in  Gm. -cm. 

0 

10 

0 

1 

10 

10 

2 

9 

18 

3 

8 

24 

4 

7 

28 

5 

6 

30 

6 

5 

30 

7 

4 

28 

8 

3 

24 

9 

2 

18 

10 

1 

10 

11 

0 

0 

From  this  we  see  that  the  amount  of  work  done  by  a  muscle 
is  least  when  the  weight  raised  is  either  too  light  or  too  heavy,  but 
that  when  the  load  is  about  half  of  what  the  ??iuscle  can  raise ,  the 
a?nou?it  of  work  accomplished  by  the  muscle  is  greatest. 

Energy  Liberated  in  Contraction. 

1.  Heat  Production. — This  can  be  measured  by  means  of  a 
sensitive  thermo-electric  couple.  Thus  it  has  been  found  that  a 
frog’s  muscle  weighing  2  gm.  shows,  in  a  single  contraction,  a  rise 
of  temperature  of  0*005°  C.  In  order  to  find  the  amount  of  heat 
produced  by  the  contraction,  it  is  necessary  to  multiply  the  rise  of 
temperature  by  the  weight  and  specific  heat  of  the  muscle.  If  the 
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specific  heat  is  0*83,  then  the  heat  produced  =  0‘83  X  0‘0005  X  2 
=  0*083  cal. 


2.  Electrical  Energy. — This  can  be  easily  seen  by  laying  the 
nerve  of  a  muscle  a  on  a  muscle  b.  When  b  is  stimulated  in  any 
way  to  contract,  e.g.,  by  tapping  at  the  muscle,  a  will  also  contract. 
The  amount  of  electrical  energy  developed  can  be  measured  by 
means  of  a  galvanometer. 

3.  Work  Done. — This  we  have  already  discussed.  In  order  to 
convert  the  amount  of  work  done  into  its  thermal  equivalent,  one 


multiplies  each 


gram -metre  by  - . 

&  J  426-5 


Thus,  supposing  the 


muscle  has  done  10 


gm.-cm.  of  work,  this  equals  0*1  gm. -metre 

— - —  cals.  =  0*00025  cal. 

426-5 


Efficiency  of  Muscle  as  a  Work  Machine. 

The  efficiency  (E)  of  any  machine  is  the  term  used  to  express 
the  ratio  of  the  energy  obtained  as  work  (W)  when  divided  by  the 

total  energy  developed  (Q),  i.e.,  E  =  ^. 

In  the  case  of  the  human  being,  the  following  results  were 
found  calorimetrically  : — 


Thermal 
Equivalent 
of  Muscular  Work 
in  Calories. 

Heat 
Produced 
in  Calories. 

Heat  Produced 
over  Resting 
Metabolism. 

Efficiency. 

569 

3,959 

2,619 

21-7 

601 

4,139 

2,799 

21-5 

538 

3,834 

2,494 

21-6 

657 

4,309 

2,969 

22-1 

563 

4,056 

2,716 

20-7 

587 

4,131 

2,791 

21-0 

i.e.,  E  =  21.  In  the  case  of  a  steam  engine,  E  =  15—  25  per  cent. 
It  would,  therefore,  seem  as  if  muscle  acts  like  a  heat  engine.  It 
can,  however,  be  shown,  on  thermodynamic  considerations,  that  this 
is  not  the  case.  Thus,  in  the  case  of  a  heat  engine  we  ought  to 
have  by  the  second  law  of  thermodynamics  that — 


Where  T0=  initial  temperature,  Q0  =  quantity  of  heat  converted 
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into  mechanical  work,  Q  =  quantity  of  heat  passing  from  the  higher 
temperature  T-,  to  the  lower  temperature  T2. 

In  the  case  of  muscle,  we  have  E  =  21  =  i  approximately. 

•  ••  <WQ. 

T2  =  body  temperature  =  37°  C.  —  37  +  273  =  310°  absolute,  T0  =  T. 


.-.  Tx  =  f  x  310 

=  372°  absolute 
=  99°  C. 


In  other  words,  during  the  performance  of  the  work  indicated, 
muscle  must  show  a  fall  of  temperature  from  99°  to  37°  C., 
which  is  clearly  absurd.  Muscle  never  attains  any  such  tempera¬ 
ture  as  99°  C.  during  a  contraction. 

Hence,  muscle  cannot  be  a  heat  engine.  It  is  probably  a 
chemodynamic  engine. 

Fatigue. — In  the  child’s  organism  the  easy  muscular  fatigu- 
ability  plays  a  very  great  role.  When  an  adult  muscle  is  frequently 
stimulated  to  contract — whether  under  the  influence  of  will,  or  by 
means  of  the  electric  current — the  contractions  become  slower  and 
smaller.  The  amount  of  work  performed  by  the  muscle  diminishes, 
the  muscle  becomes  fatigued,  the  blood  circulating  in  the  muscle 
loses  oxygen,  and  gains  C02,  lactic  acid,  urea,  and  other  fatigue 
poisons  (kenotoxins).  Fatigue  may  be  induced  in  a  normal  dog  by 
injecting  into  its  circulation  the  blood  from  a  dog  which  has  been 
fatigued. 

It  is  only  after  all  these  products  are  removed  from  the  muscle, 
and  new  oxidisable  material  is  brought  to  it,  that  the  muscle 
becomes  again  capable  of  doing  work. 

All  the  phenomena  of  fatigue  occur  more  easily  in  the  delicate 
muscle  of  the  child.  The  muscle  becomes  fatigued  sooner,  but 
also  recovers  more  rapidly. 


CHAPTER  XXVI 


THE  MECHANICS  OF  THE  CHILDS  BODY 

“The  narrowest  hinge  in  my  hand  puts  to  scorn  all  machinery.” 

Walt  Whitman. 

“  The  human  body,”  says  a  recent  writer,1  “  is  a  machine  more  com¬ 
plex  and  adapted  to  a  greater  variety  of  work  than  any  other  found 
in  the  whole  range  of  Nature  and  invention.  Machines  have  been 
built  that  are  larger  than  the  body,  and  that  are  capable  of  greater 
speed,  but  no  machine  has  been  made,  nor  is  likely  to  be  made, 
that  can  walk,  swim,  climb,  throw,  lift,  or  strike,  as  occasion  demands, 
although  the  body  is  considered  very  defective  unless  it  can  do  all 
these  things  and  more.”  In  this  chapter  we  shall  occupy  ourselves 
with  a  study  of  the  mechanics  of  this  wonderful  piece  of  machinery, 
and  shall  analyse  some  of  the  complex  movements  carried  out  by 
it.  We  shall  further  endeavour  to  discover  in  which  respects  the 
peculiar  build  of  the  child’s  body  tends  to  modify  the  performance 
of  those  movements. 

The  Statics  of  the  Body  as  a  Whole. 

Considered  as  a  rigid  mass,  as  it  can  be  made  to  be  by  the 
action  of  muscles,  the  body,  as  a  whole,  obeys  the  same  mechanical 
laws  as  any  other  rigid  body,  and  we  therefore  have  to  begin  first 
of  all  with  a  determination  of  the  position  of  its  centre  of  gravity. 

The  Centre  of  Gravity. 

The  manner  of  finding  the  centre  of  gravity  of  the  body  is 
discussed  fully  by  Haycraft  in  Schafer’s  “Physiology,”  to  which  the 
reader  is  referred.  It  has  been  found  that  the  centre  of  gravity 
in  the  case  of  adults  lies  in  the  body,  or  in  the  canal  of  the  second 
sacral  vertebra.  This  corresponds  to  a  distance  from  the  ground 
(in  the  vertical  position)  of  56  per  cent,  of  the  whole  height.  In 
the  young  infant  the  centre  of  gravity  is  situated  higher  on  account 
of  the  large  size  of  the  head  and  liver.  Its  exact  position  in  the 
new-born  is  between  the  umbilicus  and  ensiform  cartilage.  In  a 
girl  six  and  three-quarter  years  old  Harless  found  the  centre  of 

1  W.  P.  Bowen,  “Applied  Anatomy  and  Kinesiology,”  Philadelphia,  1917, 
Preface. 
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gravity  to  be  at  a  distance  from  the  ground  of  58  per  cent,  of  the 
child’s  height. 


The  Erect  Posture. 


The  stability  of  standing  depends  upon  : — 

1.  The  position  of  the  centre  of  gravity,  relative  to  the  basis  of 
support ,  which  is  formed  by  the  area  enclosed  by  the  two  feet. 
So  long  as  the  vertical  plane  through  the  centre  of  gravity 
falls  within  this  base,  the  body  remains  in  the  erect  posture,  but 
as  soon  as  that  plane  falls  outside  the  base  of  support,  the  body 
is  bound  to  fall.  Hence  fat  persons  or  pregnant  women,  in  whom 
the  centre  of  gravity  is  shifted  forward,  must  hold  their  heads  back 
in  order  to  keep  the  centre  within  the  base  of  support.  Similarly, 
a  person  carrying  a  weight  on  his  back  must  bend 
forward. 

2.  The  Height  of  the  Centre  of  Gravity  Above  the 
Base  of  Support. — The  stability  of  the  body  (con¬ 
sidered  as  a  rigid  mass)  not  only  depends  on  the 
width  of  the  base,  but  also  on  the  height  of  the 
centre  above  the  base. 

Let  the  centre  of  gravity  of  the  body  be  at  c 
(Fig.  78),  and  let  a  push  of  value  P  given  to  the  body 
act  through  the  centre  in  the  direction  ab,  so  as 
to  push  the  centre  to  the  position  c\  i.e .,  to  point 
of  overturning.  At  the  instant  the  body  is  about 
to  overturn  the  moments  around  f  will  be  equal, 


Fig.  78. — To  i.e.  : — 
illustrate  the 
Stability  of 
the  Body. 


P  x  cf —  weight  of  body  x fd, 
P=Wxf. 

cf 


From  this  it  is  seen  that  the  push  and,  therefore,  the  stability 
varies  : — 


(1)  Directly,  as  the  weight  of  the  body. 

(2)  Directly,  as  the  size  of  the  base. 

(3)  Inversely,  as  the  height  of  the  centre  above  the  base. 
Hence  in  children  the  erect  posture  is  very  unstable ,  because  : — 

(1)  The  weight  of  the  body  is  slight. 

(2)  The  base  of  support  is  small  on  account  of  the  small 

size  of  the  feet. 

(3)  The  centre  of  gravity  is  situated  comparatively  high  on 

account  of  the  large  size  of  the  head  and  liver. 

(4)  Co-ordination  of  muscles  to  restore  equilibrium  is  absent. 
Also  when  we  wish  to  resist  a  push  we  : — 

(1)  Stand  with  feet  wide  apart  to  increase  the  base. 

(2)  Bend  our  knees  to  bring  the  centre  of  gravity  lower. 
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Children,  when  they  first  assume  the  erect  pasture,  have  their 
lower  limbs  flexed.  This  renders  them  more  stable,  and  also 
reduces  the  weight  thrown  upon  the  bones  of  the  legs.  (See  Fig.  75.) 
They  also  have  the  feet  wide  apart  to  increase  the  base  of 
support.  In  spastic  diseases  of  children  the  spasmodic  contraction 
of  the  adductors  of  the  thigh  diminishes  the  base  of  support,  and 
standing  becomes  less  stable.  In  such  cases  it  may  be  necessary 
to  divide  the  adductors.  The  erect  posture  is  maintained  by  the 
balanced  action  of  the  antagonistic  groups  of  muscles  of  the  trunk 
and  lower  limbs,  which  keeps  the  centre  of  gravity  vertically  above 
the  basis  of  support.  This  muscular  equipoise  is  secured  by 
the  co-ordinating  action  of  the  nervous  system.  If  the  nervous 
control  is  removed,  as  occurs,  for  example,  in  conditions  of  un¬ 
consciousness,  the  body  falls  “all  in  a  heap.”  In  infants  up 
to  the  age  of  about  one  year  such  nervous  co-ordination  is  still 
absent. 

Walking. — In  walking  the  essential  thing  is  the  raising  of  the 
foot  from  the  ground.  The  slow  raising  of  the  foot  makes  it 
possible  for  the  supporting  leg  to  remain  in  contact  with  the  ground 
until  the  swinging  leg  has  touched  the  ground.  At  the  beginning 
of  the  step  the  supporting  leg  is  placed  below  the  centre  of  gravity, 
and  the  swinging  limb  is  placed  behind.  The  supporting  leg  then 
gradually  rises  from  the  ground,  heel  first,  touching  it  at  last  only 
with  the  ball  of  the  great  toe,  and  then  it  leaves  the  ground  and 
becomes  in  turn  the  swinging  leg,  whilst  the  leg  which  was  the 
swinging  leg,  having  now  touched  the  ground,  becomes  the 
supporting  leg. 

Work  Done  in  Horizontal  Walking. — The  brothers  Weber,  in 
1836,  found  that  in  ordinary  walking,  when  the  length  of  the  step 
is  28}  in.,  the  mean  elevation  and  depression  of  the  centre  of 
gravity  of  the  body  is  T25  in.  From  this  it  follows  that  the  ratio — 

Vertical  elevation  _  125  _  1 
Horizontal  transport  2875  23’ 

i.e .,  the  amount  of  work  done  during  a  walk  of  23  yds.  is  the  same 
as  if  he  had  lifted  his  body  up  a  vertical  ladder  through  a  height 
of  1  yd.  ;  and  so  on  in  proportion. 

The  Child’s  Bodily  Movements. 

Observation  of  the  new-born  infant  or  of  the  nursling  during 
the  first  weeks  shows  that  its  body  assumes  the  same  position  as 
it  had  assumed  during  its  intra-uterine  life.  This  is  especially  the 
case  during  sleep.  The  upper  and  lower  extremities  are  flexed  at 
every  joint  and  the  soles  of  the  feet  are  directed  towards  each  other. 
This  preponderating  action  of  the  flexor  over  the  extensor  muscles 
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tends  to  remain  throughout  life.  In  the  waking  state  the  infant 
makes  purposeless  movements  with  its  limbs  and  eyes  (see  p.  559). 

But  although  the  infant  differs  from  the  new-born  of  other 
animals  in  respect  of  its  utter  helplessness,  there  are  certain 
movements  and  actions  which  the  infant  is  able  to  execute  reflexly 
from  the  moment  of  birth.  These  are  movements  whose  object 
is  to  preserve  the  body  (e.g.,  sucking)  or  to  protect  it  from  harm 
(e.g.,  the  movements  of  the  eyelids). 

If  any  attempt  is  made  to  put  the  infant  into  any  position  in 
which  it  has  to  employ  its  own  forces  for  the  purpose  of  support 
(e.g.,  sitting  up)  it  results  in  a  “  crumpling  up  ”  of  the  whole  body  : 
the  head  falls  forward  (because  its  centre  of  gravity  lies  in  front  of 
the  atlanto-occipital  articulation,  and  the  necessary  co-ordination  of 
muscle  to  keep  the  head  in  equilibrium  is  absent),  and  the  spine 
assumes  its  pre-natal  smooth  uniform  convexity  backwards,  because 
the  weight  of  the  head  flexes  it  forwards.  The  spine  also  bends 
laterally,  but  the  capacity  of  keeping  it  straight  in  virtue  of  its 
own  muscular  activity  is  invariably  absent  until  the  child  is  a  few 
months  old. 

To  help  a  baby  to  sit  up  with  the  aid  of  artificial  support  is 
physiologically  wrong,  because  such  outside  help  usurps  the  function 
of  the  spinal  muscles,  which,  in  consequence,  fail  to  develop,  thus 
leading  to  spinal  deformities  later  on.  This  is  especially  the  case 
amongst  town  dwellers  where  rickets  is  so  prevalent. 

An  infant  should  only  be  allowed  to  sit  up,  or  carried  i?i  a  vertical 
position  when  it  can  sit  up  alone.  This  generally  occurs  at  about 
eight  months,  although  it  can  hold  up  its  head  as  early  as  at  four 
months.  The  danger  of  carrying  a  young  infant  upright  is  even 
greater  than  allowing  it  to  sit  up  prematurely,  because  in  carrying 
the  infant,  say  on  one  arm,  the  oblique  position  assumed  by  the 
pelvis  helps  to  exaggerate  the  tendency  to  lateral  curvature  of  the 
spine  (scoliosis). 

The  i?ifant  can,  however,  be  assisted  to  develop  its  muscles  by 
allowing  it  to  lie  on  its  abdomen.  In  this  position  the  desire  to 
see  things  around  it  makes  it  raise  and  turn  its  head ;  in  this 
way  the  muscles  at  the  back  of  the  neck  are  helped  to  develop. 
When  the  child  finds  it  can  raise  its  head  it  makes  attempts  to  raise 
its  thorax  and  support  itself  on  its  arms,  in  this  way  exercising  and 
strengthening  its  spinal,  pectoral,  and  brachial  muscles.  Further 
than  that,  in  such  a  position  the  child  soon  makes  attempts  at 
crawling,  with  the  consequent  strengthening  of  its  abdominal  and 
leg  muscles,  thus  preparing  for  the  act  of  standing  and  walking. 
A  child  can  generally  stand  alone  at  one  year ;  when  it  does  it 
holds  its  body  somewhat  bent  forward  and  stands  with  its  hips  and 
knees  slightly  bent,  and  with  its  feet  wide  apart. 
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Locomotion. 

1.  Crawling. — This  quadrupedal  mode  of  locomotion  is  the  one 
which  the  child  usually  acquires  first.  If  the  infant  has  been 
accustomed  to  lie  on  its  abdomen,  this  mode  of  progression  soon 
comes  as  a  matter  of  course.  In  this  position  the  child  makes 
attempts  to  reach  near  objects  by  pushing  its  body  along  upon -its 
knees  and  elbows.  The  hands  soon  take  the  place  of  the  elbows, 
and  lastly  the  feet  replace  the  knees,  so  that  the  child  begins  to 
crawl  on  its  hands  and  feet  like  any  quadrupedal  animal.  This 
mode  of  progression  is  an  excellent  preliminary  to  walking,  since  all 
the  muscles  which  are  used  in  walking  are  here  exercised  and 
developed,  gradually  and  gently ;  for  the  weight  of  the  body, 
instead  of  falling  on  the  two  legs  as  it  does  in  walking,  falls  on  all 
the  four  limbs  in  crawling,  and  therefore  the  legs  only  have  half  of 
the  body  weight  to  support.  As  these  muscles  develop  the  child 
soon  begins  to  stand  up  for  a  few  seconds,  when  it  comes  against 
any  object  against  which  it  can  support  itself,  and  soon  after  that 
it  begins  to  walk  a  few  steps,  supporting  itself  against  any  object 
that  happens  to  be  handy.  The  child  soon  gets  tired,  however, 
and  returns  to  its  quadrupedal  mode  of  locomotion. 

The  act  of  crawling  is  not  only  a  very  good  preparation  for 
walking,  but  it  also  gives  free  lateral  mobility  to  the  spine ;  with 
each  forward  push  of  the  leg  or  arm  the  spine  bends  towards  that 
side,  and  when  the  limbs  of  the  opposite  side  move,  the  spine 
moves  to  the  other  side.  This  free  lateral  mobility  of  the  spine  in 
crawling  is  an  excellent  safeguard  against  early  lateral  curvature. 
Indeed,  Spitzy 1  even  recommends  crawling  therapeutically  as  a 
mode  of  correcting  spinal  curvature  in  children. 

2.  Walking. — After  the  child  has  learnt  to  crawl,  and  has  made 
several  attempts  to  stand  up  and  walk  a  few  steps  by  the  aid  of 
some  support  the  walking  muscles  and  bones  have  become  stronger, 
and  the  necessary  nervous  paths  between  the  higher  centres  and 
the  locomotor  muscles  have  become  established.  When  this  has 
happened  the  frequent  repetitions  of  the  act  soon  render  it  auto¬ 
matic  in  the  same  way  as  frequent  practice  at  the  piano  ensures 
the  player  an  automatic  movement  of  the  fingers  so  that  he  can  play 
without  either  looking  at  the  keyboard  or  thinking  of  what  he  is 
doing.  When  the  child  begins  to  walk,  it  often  stretches  out  both 
arms  in  front  and  also  swings  its  spine  laterally  in  order  to  maintain 
its  equilibrium  forward  and  from  side  to  side. 

Length  of  Step. — If  we  look  at  the  diagram  (Fig.  79)  we  see  that 
the  swinging  leg  (ab)  forms  the  hypotenuse  of  a  right-angled  triangle 
of  which  the  height  (ac)  is  the  height  of  the  hip  joint  above  the 
floor,  and  the  base  (bc)  is  the  length  of  the  step.  It  follows, 

1  “Rachitis  und  Friihskoliose,”  Zeitschr.  f.  orthop.  Chirurgie ,  xiv. 
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therefore,  that  the  length  of  the  step  varies  directly  as  the  length 
of  the  lower  limbs  (hypotenuse)  and  as  the  degree  to  which  the 
knee  of  the  supporting  leg  is  bent  (i.e.,  angle  adc).  Hence,  in 

children  the  length  of  the  step  is 
smaller  than  in  the  adult,  not  only 
because  the  foot  is  smaller,  but 
because  the  lower  limb  is  so  much 
shorter. 

Similarly,  people  who  have  long 
legs  and  long  feet  take^longer  steps 
than  shorter  people.  Also,  when 
we  wish  to  take  a  long  step,  we 
bend  our  knees  to  increase  the 
angle  adc,  with  a  consequent  diminu¬ 
tion  of  AC. 

Spacial  and  Time  Relationships 
of  a  Step. — Hermann  Vierordt,  in 
1881,  investigated  the  phenomena 
of  walking  in  children  two  and  a  half  and  four  and  a  quarter 
years  old  respectively,  by  means  of  various  registering  apparatus, 
which  show  in  detail  the  spacial  and  time  peculiarities  of  each  step, 
and  he  compared  them  with  those  of  an  adult. 

The  apparatus  that  he  used  for  determining  the  spacial  peculiar¬ 
ities  consisted  of  a  pair  of  shoes  to  which  were  attached  three 


A 


d  _  Trass  cap 
attachment 


Fig.  80. 


vertical  hollow  cylinders  of  53  mm.  height  and  4  mm.  internal 
diameter.  (See  Fig.  80.)  One  of  these  cylinders  was  fixed  to  the 
back  of  the  shoe,  and  the  other  two  were  placed  on  the  internal 
and  .external  borders  respectively  at  the  level  of  the  metatarso¬ 
phalangeal  joint  of  the  big  toe.  These  cylinders  contained  coloured 
fluid,  a  solution  of  fuchsin  for  one  foot,  and  one  of  aniline  blue  for 
the  other.  Each  of  these  cylinders  when  in  contact  with  the  paper- 
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covered  ground  leaves  a  coloured  mark.  By  dropping  a  perpen¬ 
dicular  from  the  heel  point  to  the  line  joining  the  other  two  points 
one  gets  the  axis  of  the  foot  fh.  By  producing  fh  backwards  to 
cut  the  line  of  motion  in  g  one  obtains  the  angle  of  motion.  The 
distance  between  g  and  o'  represents  the  length  of  one  step. 
(Fig.  81.) 

Spatial  Peculiarities. — Vierordt  found  that  the  size  of  the  child’s 
step  is,  of  course,  smaller,  being  in  a  child  between  three  and  four 
years,  on  the  average,  only  half  that  of 
an  adult. 

The  Width  of  the  Stride  ( i.e .,  the  dis¬ 
tance  of  the  heel  from  the  direction  of 
locomotion)  between  two  consecutive 
steps  (i.e.,  fk+/k)  is  approximately 
the  same  in  the  infant  as  in  the  adult, 
and  hence,  in  relation  to  length  of 
steps,  is  much  greater  in  the  infant. 

The  child,  therefore,  walks  in  a  broader 
base. 

The  Angle  of  Motion  (a),  i.e.,  the 
angle  which  the  long  axis  of  the  foot 
makes  with  the  direction  of  locomotion, 
is  more  acute  in  the  infant.  Indeed, 
sometimes  the  feet  are  actually  directed 
inwards. 

This  is  not  an  abnormality,  and  re¬ 
quires  no  treatment.  The  heel  points  of 
the  consecutive  steps  do  not  lie  in  a 
straight  line,  i.e.,  in  a  line  parallel  to  the 
direction  of  locomotion,  but  lie  in  an 
irregular  line  —  receding  now  to  the 

right,  now  to  the  left.  These  variations  are  much  greater 
(absolutely  and  relatively)  in  the  child  than  in  the  adult. 
.The  table  on  p.  368  gives  quantitative  measurements  of 
the  phenomena  described.  The  dimensions  are  in  milli¬ 
metres  ! 

The  Time  Phases  of  a  Step. — H.  Vierordt  also  studied  the  time 
phases  of  the  step  in  children  and  compared  them  with  those  in 
the  adult.  This  he  did  by  means  of  shoes  which  were  constructed 
in  such  a  way  that  when  the  heel  or  the  front  part  of  the  sole 
of  the  foot  was  compressed  or  touched  the  ground,  it  completed 
an  electric  circuit  which  made  a  writer  attached  to  an  electric 
magnet  draw  a  line  on  a  quickly  revolving  kymograph.  (Fig/82.) 
When  the  pressure  on  either  of  these  parts  of  the  shoe  was  released, 
such  as  when  that  part  of  the  foot  was  raised  from  the  ground,  the 
current  was  cut  off,  and  the  electro-magnet  ceased  to  write.  The 
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Boy  2^ 

Years. 

Boy  4* 

Years. 

Adult. 

Left 

Leg. 

Right 

Leg. 

Left 

Leg. 

Right 

Leg. 

Left 

Leg. 

Right 

Leg. 

Average  length  of 
stride 

342-7 

345-7 

259 

323-8 

645-7 

612-9 

Average  width  of 
stride 

7b 

>•8 

7  4 

*8 

81-0 

Average  angle  of 
motion 

16 

6° 

•8 

30 

’•3 

Average  lateral  dis¬ 
tance  between  heel 
joints  of  the  same 
foot  in  two  con¬ 
secutive  steps 

96-9 

75-5 

26-0 

28-5 

15-5 

17-2 

length  of  the  line  on  the  kymograph  gives  the  time  during  which 
that  particular  part  of  the  foot  was  in  contact  with  the  ground. 
He  found  the  following  results  : — 

(1)  The  duration  of  each  step  shows  greater  variation  in 
children  than  in  adults. 


(2)  The  time  during  which  the  supporting  foot  remains  on 

the  ground  also  shows  greater  variations  in  the  child, 
but  the  actual  duration  is  also  greater  in  the  child — 
as  can  be  expected  from  the  comparative  insecurity 
of  the  child’s  gait. 

(3)  From  this  it  follows  that  the  period  of  oscillation  of  the 

swinging  foot  is  shorter  than  in  the  adult. 
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(4)  The  foot  touches  the  ground  first  with  its  heel  and  then 

with  its  toes.  This  planting  of  the  foot  takes  a 
longer  time  than  in  the  adult. 

(5)  The  time  of  “  unrolling  ”  the  foot  from  the  ground. 

the  time  between  the  raising  of  the  heel  and  the 
lifting  of  the  toes  from  the  ground,  seems  to  be 
equal  in  the  adult  and  the  child. 

The  following  table  gives  the  quantitative  details  : — 


Age  of 
Subjects. 

No. 

of 

Steps 

per 

Min. 

Duration 
of  Step 
in  Secs. 

Duration 
of  Stay 
of  Foot 
on  the 
Floor. 

Duration 
of  Swing¬ 
ing  Leg. 

Time 
Between 
Raising 
of  Heel 
and  that 
of  Toe. 

Time 
Between 
Planting 
of  Heel 
and  that 
of  Toe. 

Duration 
of  Stay 
of  Both 
Legs  on 
the  Floor. 

46  yrs.,  man 

103 

0-580 

0-618 

0*548 

0-226 

0-062 

0-038 

26  „  „ 

100 

0-601 

0-719 

0-479 

0-310 

0-077 

0-122 

10  ,,  boy 

109 

0-549 

0-586 

0-509 

0-182 

0-132 

0-047 

95 

■^6’  5?  5? 

115 

0-532 

0-658 

0-406 

0-272 

0-087 

0-124 

2  „  girl 

114 

0-527 

0-683 

0-385 

0-185 

0-083 

0-149 

Comparative  Values  of  the  Various  Phases  of  a  Double 
Step  (Duration  of  Latter  =  1,000) 

u  —  b  c  d  \  a  -  6  —  1 ,000 


Age. 

Duration 
of  Stay  of 
Both  Legs 
on  the 
Floor. 

{a) 

Planting 
of  Sole  of 
the  Foot. 
(*) 

Rising  of 
Sole. 

C) 

Unfolding 
of  Foot. 
(d) 

Swing. 

(e) 

46 

yrs.,  man 

530 

53 

283 

194 

470 

26 

5  )  5  y 

602 

65 

281 

263 

391 

10 

„  boy 

535 

121 

225 

186 

465 

25 

5  J 

624 

82 

284 

258 

385 

2 

„  girl 

639 

78 

389 

173 

361 

The  act  of  walking  occurs  normally  between  one  year  and 
fifteen  months.  It  is  physiologically  incorrect  to  try  to  teach  a 
child  to  walk,  because  unless  the  child  makes  attempts  at  walking 
of  its  own  accord,  its  muscles  and  bones  are  not  yet  developed 
enough  to  bear  the  weight  of  the  body. 
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The  Nervous  Mechanism  of  Walking. — All  the  movements  of  the 
body  concerned  in  walking  (or  in  any  other  complex  muscular  act) 
give  rise  to  feelings  of  varying  pressures  in  the  skin,  muscles,  and 
joints,  which  send  sensory  impulses  to  the  central  nervous  system. 
These  impulses  regulate  the  degree  of  muscular  action  necessary 
for  maintaining  equilibrium,  or  for  the  performance  of  the  necessary 
movements  in  connection  with  the  act  of  walking.  When  the 
child  first  learns  to  walk,  it  watches  other  people  and  tries  to 
imitate  them.  This  is  a  conscious  experience,  calling  into  action 
the  pyramidal  cells  of  the  brain.  These  cells  co-ordinate  the 
movements  by  stimulating  certain  motor  neurons  and  inhibiting 
others.  After  several  repetitions,  the  child  becomes  more  and  more 
perfect  until  walking  becomes  reflex,  i.e .,  the  act,  instead  of  being 
co-ordinated  by  the  brain,  its  co-ordination  is  relegated  to  the 
spinal  cord,  and  becomes  automatic,  so  that  the  movements  are 
done  unconsciously.  The  sensory  nerves  from  the  skin,  muscles, 
and  joints  form  the  afferent  paths  of  the  reflex  arc. 

The  Arch  of  the  Child's  Foot. — The  weight  of  the  body  in 
standing  and  walking  is  borne  by  the  spring  of  the  arch  of  the  foot. 
If  one  looks  at  the  infant’s  foot,  one  notices  that  the  sole,  instead  of 
being  arched  as  it  is  in  the  adult,  appears  perfectly  flat.  An 
impression  of  the  infant’s  foot  on  a  wet  floor  shows  the  same  thing. 
This  resemblance  of  the  infant’s  foot  to  true  flat  foot  in  the  adult 
is,  however,  more  apparent  than  real.  Small  children,  and 
especially  nurslings,  have  a  well-developed  pad  of  fat  on  the 
sole  of  the  foot,  which  obliterates  the  arch.  When  this  fat 
disappears,  e.g,  in  ill-nourished  children,  the  foot  becomes  as 
arched  as  in  the  adult.  Also  frozen  sections  of  infants’  feet,  as 
well  as  measurements  of  the  height  of  the  tuberosity  of  the  scaphoid 
above  the  level  of  the  sole  in  living  children,  demonstrate  the 
fact  that  the  infant’s  feet  are  as  arched  as  those  of  the  adult. 

Thus  John  Dane  gives  the  following  measurements1 : — 

Children  under  One  Year  (76  feet). 

Average  length  of  arch  -  -  5*481  cm. 

„  .  height  „  -  -  1*651  „ 

Proportion  height  to  length  -  -  0*301  ,, 

Children  between  One  and  Two  Years  old  (20  feet). 
Average  length  of  arch  -  -  6*905  cm. 

„  height  .  „  -  -  1*510  „ 

Proportion  of  height  to  length  -  -  0*218  ,, 

The  proportion  in  the  adult  is  about  0*270,  i.e.,  the  infant’s 
arch  is  proportionately  about  as  high  as  in  the  adult. 

1  “Further  Studies  upon  the  Arch  of  the  Foot  in  Infancy  and  Childhood,” 
Trans.  Amer.  Orthopced.  Assoc.,  ix.,  1899,  p.  54. 
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The  Mode  of  Action  of  Muscles. 

The  muscles  are  attached  to  the  bones  in  three  different  ways, 
corresponding  with  three  varieties  of  lever  movements  : — 

1.  Lever  of  the  First  Order. — Where  the  fulcrum  (or  joint)  is 
between  the  power  (muscle)  and  resistance  (weight  of  the  part). 
(Fig.  83.) 

Example. — The  balancing  of  the  head  on  the  vertebral  column. 

2.  Lever  of  the  Second  Order. — Where  the  resistance  is  between 
the  power  and  the  fulcrum.  Standing  on  tip-toe  is  possibly  an 
example,  although  such  a  lever  is  not  common  in  the  body. 
According  to  some,  standing  on  tip-toe  is  really  an  example  of 
a  lever  of  the  first  kind,  the  fulcrum  being  the  ankle  joint.  (Fig.  84.) 

3.  Lever  of  the  Third  Order. — Where  the  power  is  between  the 
resistance  of  the  fulcrum.  The  flexion  of  the  forearm  upon  the 
arm  by  means  of  the  biceps  is  an  example.  (Fig.  85.) 

By  the  laws  of  levers  we  must  have  (for  a  state  of  equilibrium) 
the  moment  of  the  force  round  the  fulcrum  equal  to  the  moment 
of  the  resistance  round  the  fulcrum.  The  distance  of  the  place  of 
insertion  of  the  muscle  from  the  fulcrum  is  called  the  muscle  arm , 
whilst  that  of  the  resistance  from  the  same  place  is  called  the 
resista?ice  arm  or  weight  arm. 

Consider  the  case  of  the  biceps  muscle  acting  upon  the  forearm. 
When  the  forearm  turns  upon  the  arm  it  is  obvious  that  all  points 
upon  the  former  move  in  arcs  of  circles,  and  that  the  rates  at 
which  these  points  move  are  proportional  to  their  respective 
distances  from  the  fulcrum.  Now  the  muscle  arm  in  the  case  of 
the  biceps  is  2  in.,  and  the  resistance  arm  is  12  in.,  therefore  the 
weight  will  move  six  times  as  quickly  as  the  muscle.  Hence, 
a  contraction  of  the  muscle  of  1  in.  will  raise  the  weight  6  in.  In 
other  words,  the  third  kind  of  lever  may  be  called  the  lever  of 
rapidity. 

Angle  of  Pull  of  Muscle. 

In  estimating  the  power  with  which  the  muscle  pulls,  say,  upon 
the  forearm,  one  has  to  take  into  account  the  angle  at  which  the 
muscle  is  attached  to  the  moving  bone.  This  obviously  changes 
with  the  position  of  the  forearm.  By  resolving  the  force  of  the 
muscle  into  two  components,  one  of  which  acts  in  a  direction 
perpendicular  to  the  direction  of  the  forearm,  and  the  other  along 
the  forearm,  we  can  see  that  the  effective  component  bc  varies  in 
magnitude  with  the  angle  of  pull  of  the  muscle,  and  is  equal  to 
f  sin  a,  where  f  equals  force  of  muscle,  and  a  equals  angle  of 
pull.  (Fig.  86.) 

The  parallel  component  be  =  f  cos  a,  and  represents  the 
pressure  that  the  muscle  exerts  on  the  joint.  Hence,  as  the 
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Fig.  83$. — Lever  of  the 
First  Order. 


Fig.  84$. — Lever  of  the 
Second  Order, 


Fig.  85 a. — Lever  of  the 
Third  Order. 


Fig.  85$. — Lever  of  the  Third  Order. 
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contraction  increases  the  moving  component  becomes  greater, 
whilst  the  ineffective  pressure  component  diminishes.  (Fig.  86.) 

Knowing  the  value  of  the  effective  component,  we  can  now 
calculate  the  force  with  which  the  muscle  must  act  in  order  to  lift 
a  weight  of  known  size. 


Fig.  86. — Showing  the  Components  of  the 
force  of  the  Biceps  Muscle. 


Example . — The  hand  holds  a  weight  of  10  lbs.  The  forearm 
is  inclined  at  45°  to  the  horizontal,  and  in  this  position  the  angle 
of  pull  of  the  biceps  is  75°.  What  is  the  force  with  which  the 
biceps  must  pull  in  order  to  hold  the  weight  ? 


From  the  figure  (Fig.  87)  we  see  that  the  moment  of  the  weight 
round  the  joint  is  equal  to 

AC  x  OC  =  AC  x  OA  sin  45°  =  AC  x  12  -E 

2 

/o 

=  10x12  Ai 
2 

=  60  J2 

=  84*84  in.  lbs. 

Let  force  of  muscle  =  F,  then  its  effective  component  =  F  sin  75 
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=  0*96593  F,  and  its  moment  round  the  elbow  joint  =  2  x  0*96593  F 
=  1*93186  F. 

.*.  By  the  law  of  levers  we  must  have — 

1*93186  F  =  84*84, 
or  F  =  43*9  lbs. 

It  would  be  interesting  to  know  whether  the  relative  measure¬ 
ments  of  the  muscle  arm  and  resistance  arm  for  the  various 
muscles  vary  at  different  ages.  As  far  as  I  know,  no  researches 
have  been  prosecuted  in  this  direction. 

Associated  Action  of  Muscles. 

We  have  so  far  discussed  the  movement  of  one  bone  upon 
another  as  the  result  of  the  simple  pull  of  one  muscle.  Most  of 
the  bodily  movements,  however,  take  place  as  the  result  of  the 
contraction  of  several  muscles  acting  together. 

This  kind  of  muscular  association  may  take  place  in  three 
ways,  viz.  : — 

1.  The  group  of  muscles  acting  together  may  be  lying  side  by 
side,  have  one  common  insertion,  and  pull  together  in  the  same 
direction ;  e.g.t  the  action  of  the  three  parts  of  the  triceps  in 
extending  the  elbow.  In  such  a  case  the  combined  pull  is  equal 
to  the  sum  of  the  three  separate  pulls.  The  only  data  required 
for  such  a  calculation  are  :  ( a )  the  length  of  one  muscle  arm  ;  (b) 
one  angle,  viz.,  the  angle  of  pull  a  •  and  (V)  the  force  of  con¬ 
traction  of  each  of  the  three  muscles.  One  simple  calculation  is 
enough  for  all  the  three  together.  E  =  (Fx  +  F2  +  F;3)  sin  a. 

2.  The  muscles  may  be  inserted  at  different  points,  and  pull 
at  different  angles ;  e.g.,  the  four  flexors  of  the  elbow  (biceps, 
brachialis  anticus,  supinator  longus,  and  pronator  radii  teres). 
In  such  a  case  one  must  make  separate  calculations  for  each  of 
these  four  separate  muscles  based  upon  the  leverage  and  angle 
of  pull  of  each  of  these. 

The  table  on  p.  375,  taken  from  Bowen,1  illustrates  the  method 
of  working  in  such  a  case. 

3.  One  muscle  or  group  of  muscles  may  be  used  as  supporting 
muscles  for  the  action  of  other  muscles  by  holding  the  bone  of 
origin  of  the  latter  firmly,  for  the  purpose  of  increasing  the  vigour 
of  those  moving  muscles.  An  excellent  example  is  seen  in  the 
various  degrees  of  effort  employed  in  opening  a  table  drawer. 
“  One  hooks  his  fingers  into  the  handle  of  the  drawer,  and  if  it 
opens  easily  enough  the  contraction  of  the  flexors  of  the  fingers 
is  sufficient.  If  it  works  a  little  harder,  the  flexors  of  the  elbow 
contract  to  hold  the  bones  of  the  forearm  up,  so  that  the  flexors 


1  Op .  cit.,  p.  250. 
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of  the  fingers  may  have  a  firm  origin.  If  still  more  force  is 
needed  the  latissimus  and  teres  major  spring  into  action  to  support 
the  humerus  and  rhomboid  to  hold  the  scapula.  To  make  a 
strong  pull  one  pushes  against  the  table  with  the  other  arm,  and 
brings  the  extensors  of  the  trunk  into  action,  and  finally,  if  this 
does  not  suffice,  the  legs  are  braced  and  the  whole  body  is 
converted  by  muscular  action  into  a  single  solid  piece  in  order 
that  the  flexors  of  the  fingers  may  exert  all  their  power  to  open 
the  drawer.”  1 


Muscle. 

Force  of 
Contrac¬ 
tion  (F) 
in  Lbs. 

Muscle 
Arm  (/) 
in  In. 

Weight 
Arm  (L) 
in  In. 

Angle 
of  Pull 
(a). 

Sin  a. 

Effective 
Pull  at 
Hand  (E) 
in  Lbs. 

Biceps  - 

400 

1 

12 

85° 

0-99619 

49-8 

Brachialis 

200 

1 

12 

80° 

0-98481 

16-4 

Supinator 
(b  r  a  c  h  i  o- 
radialis) 

150 

9 

12 

20° 

0-24202 

38-4 

Pronator  teres 

75 

5 

12 

10" 

0-17365 

5-4 

Total  effective  pull 

- 

- 

110-0 

l 

In  spite  of  the  forcible  contraction  of  such  supporting  muscles, 
there  is  no  external  work  done  by  them.  Their  action  is  therefore 
called  static,  as  opposed  to  the  dynamic  action  of  moving  muscles. 

Another  example  of  supporting  action  of  muscles  is  the 
suppression  of  breathing  in  all  movements  in  which  great  force 
is  required.  The  suspension  of  breathing  (after  a  deep  inspira¬ 
tion)  keeps  the  ribs  at  rest  in  one  position,  and  enables  all  the 
muscles  (abdominal,  spinal,  and  brachial)  originating  from  them 
to  act  with  all  their  vigour. 

This  supporting  action  of  muscles  also  explains  many  of  the 
results  observed  in  paralysis.  Thus  when  the  extensors  of  the 
hand  are  paralysed  (e.g.,  in  lead  palsy),  it  is  impossible  to  clench 
the  hand  although  the  flexors  are  intact. 

Muscle  Force  at  Different  Ages. 

Quelelet  determined  the  amount  of  weight  which  persons  of 
different  ages  can  lift  from  the  ground  with  both  hands,  the 
weight  being  situated  between  the  feet  (the  so-called  lumbar 
strength).  The  following  table  represents  his  results  : — 


1  Bowen,  op.  cit . ,  p.  252. 


376  PRINCIPLES  OF  CHILD  PHYSIOLOGY 


Age  in  Years. 

Weight  Lifted  in  Kilogrammes. 

a 

b 

a  -  b 

Male  [a). 

Female  (&). 

5 

21 

6 

24 

•  •  • 

•  •  • 

,  .  , 

7 

29 

•  *  • 

•  «  • 

•  •  • 

8 

35 

25 

1-4 

10 

9 

41 

28 

1*4 

13 

10 

45 

31 

1-4 

14 

11 

48 

35 

1*4 

13 

12 

52 

39 

1-4 

13 

13 

63 

43 

1-5 

20 

14 

71 

47 

1*5 

24 

27 

155 

83 

1-9 

71 

From  this  one  sees  that  the  muscular  force  of  a  child  of  five 
years  old  is  only  about  one-seventh  that  of  an  adult  in  the  prime 
of  life. 

During  early  childhood  a  boy  has  muscles  which  are  about 
one-third  stronger  than  those  of  a  girl :  at  puberty  the  boy’s  strength 
is  50  per  cent,  greater  than  that  of  the  girl,  whilst  at  adult  age  a  man 
is  about  twice  as  strong  as  a  woman.  Quelelet  further  found  by 
means  of  the  dynamometer  that  at  all  ages  and  in  both  sexes  the 
right  hand  is  more  powerful  than  the  left,  and  that  the  combined 
force  of  both  hands  when  used  together  is  more  than  double  that 
of  the  stronger  hand  when  used  alone.  This  is  seen  from  the 
following  table  (for  males) 


Age  in  Years. 

Right  Hand. 

Left  Hand. 

Both  Hands. 

6 

4-0 

2 

10*3 

7 

7*0 

4 

14-0 

8 

7-7 

4-6 

17-0 

9 

8-5 

5-0 

20-0 

10 

9-8 

8-4 

26-0 

11 

10-7 

9-2 

29-2 

12 

13-9 

11*7 

33*6 

13 

16-6 

15-0 

39-8 

14 

21-4 

18-8 

47-9 

27 

24-4 

40-6 

88*9 
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The  table  for  females  shows  that  at  all  ages  the  pressure  of  the 
hand  in  the  female  is  66  per  cent,  that  in  the  male. 


Relative  Strength  of  Push  and  Pull  at  Various  Ages. 

This  has  been  studied  by  Kotelmann,1  who  found  the  following 
results  : — 


Age. 

Push  with  Both 
Hands  (Average  a). 

Pull  with  Both 
Hands  (Average  b). 

b  :  a. 

9 

20-88 

11-01 

527  :  1,000 

10 

21-39 

13-00 

607  :  1,000 

11 

23-33 

14-22 

601  :  1,000 

12 

25-57 

16-13 

632  :  1,000 

13 

26-74 

18-05 

675  :  1,000 

14 

31-10 

19-73 

634  :  1,000 

The  Jumping  Height. 

The  height  to  which  a  person  can  jump  affords  an  idea  of  the 
impulse  or  force  of  the  extensor  muscles  of  the  legs.  Vierordt 
gives  the  following  table,  compiled  by  Wiist: — 


Age. 

Average  Jumping 
Height  in  In.  (a). 

Weight  Body  in 
Kg.  (6). 

Force  of  Extensor 
Muscles  {a  and  b) 
in  Kg.-m. 

10-12 

0-945 

27-10 

25-61 

12-14 

1-060 

34-38 

36-92 

14-16 

1-203 

43-62 

52-43 

16-18 

1-375 

52-85 

72-67 

Throwing  Distance,  and  Force  of  Throwing  Muscles. 
Wust  also  gives  the  following  table  : — 


Age  in  Years. 

Weight  of 
Object 
Thrown 
in  Kg. 

Average 
Distance  of 
Throw 
in  Cms. 

Force  of  Throw¬ 
ing  Muscles. 

10-12 

4 

382 

13-1 

12-14 

5 

412 

16-5 

14-16 

6 

474 

25-7 

16-18 

7 

570 

40-3 

1  Quoted  by  Vierordt. 
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THE  PHYSIOLOGY  OF  THE  SKIN  IN  INFANCY 

AND  CHILDHOOD 

“  Thinke  in  how  poor  a  prison  thou  didst  lie, 

After  enabled  but  to  suck  and  crie, 

Thinke  that  when  grown  to  most  ’twas  a  poor  inne, 

A  province  packed  up  in  two  yards  of  skinne.” 

Anatomical  Consideration. 

The  following  are  the  special  peculiarities  of  the  child’s  skin, 
as  given  by  Koroleff 1  : — 

1.  The  horny  layer  in  the  new-born  is  very  thin,  and  grows 
very  rapidly  during  the  first  few  months  of  life.  The  increase 
with  growth  in  surface  area  of  the  epidermis  is  not  due  to 
enlargement  of  its  individual  cells,  which  remain  of  the  same  size 
from  infancy  to  adult  age,  but  to  increase  in  their  number.  In 
this  he  agrees  with  the  findings  of  Harting.2 

2.  The  sebaceous  glands  assume  their  grape-like  appearance 
at  about  four  to  five  months. 

3.  The  development  of  the  sweat  glands  is  not  yet  complete 
at  birth.  Thus,  curved  and  sickle-shaped  glands  are  found  side 
by  side  with  fully-developed  glands.  It  is  not  certain  whether  all 
the  glands  possess  lumina.  The  connective  tissue  capsules  at  the 
periphery  of  the  excretory  ducts  cannot  be  detected,  and  only  appear 
at  about  four  months.  These  considerations  would  lead  one  to 
expect  secretion  of  sweat — though  in  limited  amounts — in  new-born 
infants.  As,  however,  infants  under  four  months  of  age  have  not 
been  observed  to  perspire,  one  must  conclude  that  this  is  due  to 
imperfect  development  of  the  perspiration  centre  in  the  brain. 

4.  The  hair  is  fully  developed  in  the  new-born  infant. 

5.  The  corium  is  very  cellular,  and  possesses  a  fibrillary  structure  • 
the  capillaries  are  wider  than  in  the  adult.  The  papillae  are  well 
developed  on  the  sole  of  the  foot,  but  in  the  head  and  back  they 
are  still  imperfectly  developed. 

6.  The  elastic  tissue  is  feebly  developed  at  birth,  but  at  three 
years  there  is  no  difference  between  the  elastic  network  of  the 

1  Dissert.,  St  Petersburg,  1902. 

2  “  Recherches  Micrometr.,”  Paris,  1852. 
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infant’s  skin  and  that  of  the  adult — except  for  the  thickness  of  the 
individual  fibres. 

7.  The  cellular  tissue  of  the  dermis  is  well  formed,  although 
the  fat  cells  are  smaller  than  in  the  adult,  and  contain  nuclei,  Pp. 
four  months  one  can  notice  the  disappearance  of  the  nuclei  and 
the  increase  in  size  of  the  cells.  The  vascular  system  of  the  fatty 
tissue  is  well  developed.  The  panniculus  adiposus  of  the  infant  is 
only  in  a  small  degree  capable  of  protecting  the  body  from 
the  injurious  effects  of  external  factors,  such  as  great  variation  of 
temperature. 

8.  The  development  and  disposition  of  the  subcutaneous  fatty 
tissue  in  children  soon  after  birth  leads  to  the  formation  of  certain 
characteristic  skin  folds,  which  are  more  particularly  marked  in  the 
thigh  and  nates.  These  folds  have  a  double  significance  :  (1)  they 
give  an  idea  of  the  state  of  development  of  the  child ;  (2)  they  are 
of  diagnostic  importance  in  congenital  dislocation  of  the  hips, 
tuberculous  hips,  etc. 

9.  The  Pacinian  corpuscles  are  well  formed  at  birth. 

10.  The  erectores  pilorum  are  well  developed,  so  that  the 
absence  of  cutis  anserina  in  infants  cannot,  as  Miller  supposes,  be 
explained  on  anatomical  grounds. 

The  Growth  of  Hair. — (See  Vierordt,  “  Daten  und  Tabellen,” 
p.  148.) 

The  daily  growth  of  hair  in  children  compared  with  that  in 
the  adult : — 

Age  -  -  2J-  years  6  years  8  years  adult. 

Daily  growth  in  mm.  0*30  0’22  0’33  0*2-0*3 

The  Physiological  Activities  of  the  Skin. 

1.  It  is  an  organ  of  sensation. 

2.  The  horny  layer  of  the  epidermis  protects  the  body  against 
thermal,  mechanical,  and  chemical  influences.  The  feeble  develop¬ 
ment  of  this  layer  in  children  explains  their  great  liability  to  parasitic 
diseases,  and  warns  us  to  be  careful  about  the  use  of  irritating  and 
easily  absorbable  poisonous  applications.  Similarly,  the  absorption 
of  medicines  administered  subcutaneously  takes  place  more  rapidly 
than  in  the  adult. 

3.  To  a  small  extent  it  has  a  respiratory  function.  According 
to  Landois,  about  g-Jy  of  the  total  amount  of  oxygen  inspired  by 
the  adult  takes  place  through  the  skin,  and  according  to  Aubert 
and  Fatini,  C0.2  is  excreted  from  the  skin  to  the  extent  of  3-5  gm. 
in  twenty-four  hours.  Schorling  gives  the  figures  8-10  gm.  C02  in 
twenty-four  hours. 

4.  In  virtue  of  the  extent  of  the  capillaries,  the  skin  affords  a 
means  of  evaporation  of  water  in  the  form  of  sensible  and  insensible 
perspiration. 
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5.  As  evaporation  of  water  involves  a  loss  of  heat  (the  latent 
heat  of  vaporisation),  therefore  the  skin  possesses  the  function  of 
regulating  the  body  temperature,  although  in  infants  the  function 
is  but  feebly  developed. 

According  to  Bouchard,  a  new-born  infant  loses  60  gm.  of 
water  in  twenty-four  hours.  Heubner’s  researches  showed  that  a 
breast-fed  baby  of  nine  weeks  loses  13 *5  gm.  CO.,  and  22*86  gm. 
of  water  per  square  metre  per  hour. 

Camerer1  found  the  insensible  perspiration  in  the  new-born 
to  be  29*5  gm.  per  kilo  body  weight. 

At  20  weeks  -  -  39  gm.  per  kilo  body  weight. 

„  1  year  52 

In  the  adult-  -  -  18  ,,  ,,  ,, 

The  Secretion  of  Sweat. 

The  secretion  of  sweat  is  under  the  control  of  the  central 
nervous  system,  the  nerves  to  the  sweat  glands  belonging  entirely 
to  the  sympathetic  system. 

The  factors  which  influence  the  secretion  of  sweat  are : — 

(a)  External ,  e.g,  the  temperature,  barometric  pressure  and 
humidity  of  the  surrounding  atmosphere. 

(E)  Internal  influences — like  the  part  of  a  body,  the  age  and 
weight,  as  well  as  the  state  of  health  of  the  individual,  the  super¬ 
ficial  area  of  his  skin,  as  well  as  the  time  of  the  day. 

The  following  table 2  summarises  quantitatively  the  effects  of 
these  factors  upon  the  amount  of  perspiration  : — 


Age  of  Child. 

Percentage 
Humidity 
of  Air. 

Temperature 
of  the  Room 
in  Centigrade. 

Barometric 
Pressure 
in  mm.  Hg. 

Axillary 

Tempera¬ 

ture. 

Quantity 

of 

Sweat. 

3|  hours 

41 

28*5 

765-2 

36*3 

2*69 

A- 

3  days  - 

41 

29*5 

762*6 

36*2 

2*47 

27  hours 

46 

19*5 

745*1 

36*3 

1*08 

6  days  - 

42 

19*5 

752-6 

36*2 

0*56 

r5J  months 

62 

17-6 

770-1 

36*6 

1*25 

B- 

1  yr.  2  mths.  - 

60 

16*5 

752-4 

36*6 

1*2 

4  years  - 

63 

16*4 

756-2 

36*3 

1*04 

6  yrs.  3  mths. 

62 

16*3 

771-8 

36*6 

0*54 

1  Quoted  by  Gundobin,  op.  cit.,  p.  52. 

2  Sagalof,  “The  Skin  Perspiration  of  Children,”  St  Petersburg,  1907 
(Russian). 
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From  part  A  one  notices  that  the  amount  of  perspiration  varies 
directly  as  the  temperature  of  the  air,  and  inversely  as  the  humidity 
and  the  atmospheric  pressure ;  whilst  part  B  shows  the  amount  of 
perspiration  decreasing  with  age. 

Sweat  consists  of  between  97*7  and  99'6  per  cent,  of  water. 
The  solids  contain  minute  quantities  of  urea,  NaCl,  and  other  sub¬ 
stances. 

Perspiration  is  continually  taking  place,  but  when  it  is  not 
excessive  it  evaporates  as  rapidly  as  it  is  secreted.  The  perspira¬ 
tion  is  then  known  as  “insensible  perspiration.”  The  amount  of 
insensible  perspiration  in  the  adult  is  on  the  average  1,200  gm. 
per  day. 

The  following  table  represents  the  amount  of  insensible  per¬ 
spiration  at  various  ages  of  infancy  and  childhood  : — 


Age. 

Total  Quantity 
per  24  hours 
in  Gm. 

24  Hourly  Quan¬ 
tity  per  Kilo 
Body  Weight. 

1  day  - 

. 

98 

29-5  gm. 

2  days 

- 

79 

26 

33 

3 

5) 

- 

85 

27-5 

33 

4 

55 

92 

30 

5  5 

5 

33 

- 

96 

30 

33 

6 

3  3 

- 

99 

31 

33 

9 

,,  fever 

- 

138 

42 

33 

18-21 

55  55 

- 

132-2 

37 

33 

31-33 

55  55 

- 

126-9 

34 

5  5 

67-69 

3  3  3  3 

- 

154-7 

37 

55 

105-113 

5  5  5  5 

~ 

225 

42 

55 

161-163 

33  33 

- 

291-7 

46 

55 

211-245 

5  5  5  5 

371 

55 

55 

357-359 

33  33 

- 

459 

52 

33 

2 

years 

- 

356 

33 

33 

31 

33 

- 

405 

31-1 

33 

5 

5  5 

- 

517 

3L9 

33 

7 

33 

- 

588 

31-3 

33 

10 

55 

582-2 

24-8 

5  5 

124 

33 

- 

610 

18-7 

33 

15 

5  5 

- 

622-1 

14-4 

5  5 

17 

1 

33 

682 

17-2 

33 

The  Superficial  Area  of  the  Skin  in  Childhood. 

The  extent  of  surface  of  the  skin  is  a  matter  of  the  very 
greatest  importance,  since  not  only  is  heat  production  a  function 
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of  the  skin  surface,  but  Rubner  believes  that  the  intensity  of 
nitrogen  metabolism  also  depends  upon  the  superficial  area  of  the 
body,  although  the  latter  has  been  shown  not  to  be  true 
(see  p.  546). 

Rubner,  as  the  result  of  numerous  experiments,  has  announced 
the  law  of  surf  ace  area ,  which  is  that  “  the  amount  of  heat  production 
is  proportional  to  the  superficial  area  of  an  animal ”  (see  p.  532). 
It  is,  therefore,  of  very  great  importance  to  be  able  to  deter¬ 
mine  the  area  of  the  surface  of  the  skin  in  the  case  of  any 
child. 

Since  the  surface  of  a  figure  varies  as  the  square,  and  that  of 
volume  as  the  cube,  of  its  linear  dimensions  it  follows  that  if 
S  =  surface  and  V  =  volume  of  a  body, 

S  =  K  ^/V2,  where  K  is  a  constant, 

but  since  the  weight  of  a  body  varies  directly  as  its  volume,  there¬ 
fore  if  W  =  weight,  S  =  K  ^/W2. 

Meeh  1  investigated  sixteen  male  individuals  between  the  ages 
of  two  and  sixty-six  years.  He  enveloped  their  bodies  in  pieces 
of  paper,  and  afterwards  determined  the  aggregate  surface  of  the 
individual  pieces. 

In  this  way  Meeh  found  that  K=  12*3. 

Lissauer2  found  that  in  the  case  of  infants  K  =  10*3.  The 
formula  S=10*3  ^W2  has,  therefore,  been  generally  used  for  deter¬ 
mining  the  skin  surface  of  an  infant.  Sytcheff3  enveloped  the 
body  in  pieces  of  paper  of  the  total  weight  (b).  He  then  deter¬ 
mined  the  weight  (w)  of  a  known  surface  (ci)  of  the  paper,  then  if 

x  —  surface  area  of  the  body  we  have  #=— . 

w 

He  gives  the  table  reproduced  on  p.  383. 

From  this  table  it  is  obvious  that  children  have  a  larger 
surface  area  per  kilo  body  weight  than  have  adults,  viz.,  about 
three  times  as  much  in  the  new-born. 

D.  and  E.  F.  Du  Bois  4  found  that,  as  in  the  adult,  Meeh’s  or 
Lissauer’s  formulae  are  not  nearly  accurate  enough,  the  average 
error  being  16  per  cent.,  whilst  the  maximum  error  is  as  high  as 
36  per  cent. 

The  formula  they  propose  is  S=  ^/WH,  where  W  =  weight 
and  H  =  height. 

They  found  by  actual  measurement  that  such  a  formula  gives 
an  average  error  of  only  2*2  per  cent. 

1  Zeitschr.  f  Biol.,  1879. 

2  fahrb.  f.  Kinderheilk,  vol.  lviii. ,  1903,  p.  403. 

3  Graduation  Thesis,  St  Petersburg,  1902  (Russian). 

4  Arch,  of  Intern.  Med.,  1915  and  1916. 
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Age. 

Body  Weight 
in  Gm. 

> 

Weight  of 
Paper  in  Gm. 

Area  of  Skin 
in  Sq.  Cm. 

Area  of 
Surface  per 
Kilo  Body 
Weight. 

4  days  (premature)  - 

1,505 

13-64 

1266*4 

841-4 

New-born 

2,097 

15-9 

1476 

704 

15  days  - 

2,980 

22-93 

2129 

711 

3  months 

3,520 

24-55 

2279-5 

647*5 

6  „ 

5,138 

31-89 

2961 

576-2 

1  year 

9,095 

51-7 

4800 

527 

2  years  - 

10,370 

57*22 

5312 

512 

4  „  - 

14,565 

69-02 

6408 

409 

5  „ 

14,961 

72-5 

6722 

409 

6  „  - 

16,065 

78-95 

7330 

456 

8  „ 

18,710 

82-77 

7686 

410*8 

10  „  - 

21,695 

98-72 

9166 

422-5 

11  „  - 

21,827 

94-44 

8025 

367 

12  „ 

21,782 

96-52 

8961 

412 

15  „  - 

30,135 

122-8 

11402 

378 

43  „  -  -  - 

63,650 

157*64 

14079 

221 

A  still  more  accurate  formula  recently  proposed  is — 

S  =  71-84,  W0*425,  H0*725. 

Where  S  =  surface  in  sq.  cm. 

W  =  weight  in  kg. 

H  =  height  in  cm. 

This  they  found  to  reduce  the  average  error  to  T7  per  cent. 
Howland1  proposes  the  expression  y  =  mx  +  b,  in  which 

y  =  surface  of  the  infant, 
x  =  weight  of  the  infant, 
m  —  the  constant  0*483, 
and  b=  730  sq.  cm. 


Volume  and  Specific  Gravity  of  the  Body. 

When  we  speak  of  the  volume  or  specific  gravity  of  the  body 
we  mean  in  each  case  one  of  two  things,  viz.,  ( a )  the  gross  volume 
or  specific  gravity,  by  which  is  understood  the  volume  or  specific 
gravity  of  the  body  as  a  whole,  including  the  gases  contained  in 
the  respiratory  and  alimentary  tracts,  or  (b)  the  net  volume  or 
specific  gravity,  which  signifies  the  volume  or  specific  gravity  of 
the  tissues  of  the  body,  exclusive  of  these  gases. 

1  Proc.  Soc.  Exp.  Biol,  and  Med,,  viii,,  1911,  p.  63. 
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The  gross  volu?ne  can  be  easily  determined  by  weighing  the 
body  (dead  or  alive  in  the  case  of  adults,  and  dead  in  the  case 
of  infants)  in  air  and  in  water.  The  loss  of  weight  in  grams  equals 

.  ...  .  ,  .  weight  in  air 

volume  in  cubic  centimetre,  and  gross  specific  gravity  =  — - - . 

volume 

Such  measurement,  however,  is  of  no  great  value,  because  the 
amount  of  gases  in  the  body  is  not  a  constant  quantity,  varying 
as  it  does  with  the  degree  of  chest  expansion  as  well  as  with  the 
extent  of  gaseous  intestinal  distension.  For  scientific  purposes, 
therefore,  it  is  necessary  to  ascertain  the  net  value  of  these  measure¬ 
ments.  This  has  been  accomplished  by  Pfaundler  1  by  means  of  a 
special  apparatus  called  a  voluminometer. 

Volummometry. — The  voluminometer  consists  essentially  of  an 
hermetically  closed  cylinder  (connected  with  a  manometer)  in 
which  a  piston  can  be  made  to  move  inwards  or  outwards,  thus 
compressing  or  rarefying  the  air  within  it.  Suppose  the  piston  to 
be  so  adjusted  that  the  manometer  registers  zero,  and  the  piston 

is  then  pushed  in  a  certain 
distance  d ,  the  manometer 
will  record  a  certain  positive 
pressure.  If,  then,  a  solid 
object,  e.g, a  brick  of  known 
volume,  be  placed  in  the  cy¬ 
linder,  and  after  adjusting 
the  manometer  to  zero  the 
piston  is  again  pushed  in  to 
the  same  extent  as  when  the  cylinder  was  empty,  the  manometer  will, 
of  course,  record  a  greater  positive  pressure.  It  is  clear,  therefore, 
that  the  difference  between  the  pressures  recorded  by  the  mano¬ 
meter,  after  similar  excursions  of  the  piston  before  and  after  the 
body  was  placed  in  the  cylinder,  can  be  made  a  measure  of  the 
volume  of  the  body.  Now  suppose  that  instead  of  a  brick  an  open 
glass  flask  is  placed  in  the  cylinder,  and  the  experiment  repeated ; 
it  is  obvious  that  since  the  air  in  the  flask  is  in  communication 
with  that  in  the  cylinder,  the  difference  between  the  two  readings 
of  the  manometer  will  measure  not  the  capacity  of  the  flask,  i.e., 
the  volume  of  the  flask  together  with  that  of  its  contained  air,  but 
only  the  actual  space  occupied  by  the  glass  itself  of  which  the 
flask  is  made. 

The  human  body  can  be  compared  to  an  open  flask,  since  the 
air  in  the  respiratory  and  digestive  tracts  is  in  communication 
with  the  air  outside,  and,  therefore,  by  placing  the  body  (living  or 
dead)  in  the  voluminometer  its  net  volume  can  be  found. 

The  following  example  of  an  actual  experiment  will  illustrate 
the  method  of  using  the  voluminometer : — 

1  Zeitschr.  f  Kinderheilk ,  14,  1916. 


Fig.  88.  — The  principle  of  the 
Voluminometer. 
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[a)  The  manometer  is  adjusted  to  zero  with  the  cylinder 
empty,  and  the  piston  is  pushed  in  a  certain  known  distance,  when 
the  rise  in  the  manometer  fluid  =  53*60  cm. 

(b)  The  infant  is  then  placed  in  the  voluminometer,  and  after 
adjusting  the  manometer  to  zero  the  piston  is  pushed  in  the 
same  distance,  when  the  rise  in  the  manometer  fluid  =  58*54  cm. 

(Y)  The  infant  is  removed,  and  objects  of  known  volume  are 
introduced  into  the  voluminometer.  Suppose  it  is  found  that  a 
reading  nearest  to  58*54  cm.  is  obtained  with  an  object  2,000  c.c. 
in  volume.  We  know  then  that  the  approximate  net  volume  of 
the  infant’s  body  is  2,000  c.c.  Suppose  the  reading  of  the  mano¬ 
meter  to  be  58*37  cm. 

We  then  have  the  following  calculation  : — 

Difference  of  pressure  in  (Y)  and  (<2)  =  58*54  -  53*60  =  4*94  cm. 
„  „  (c)  and  (a)  =  58*37  -  53*60  =  4*77  „ 

net  volume  of  body  4*94 

2000  =  4*77’ 

whence  net  volume  =  2,07 1  c.c. 

The  mean  of  several  readings  gave  a  final  result  of  2,060  c.c. 

The  weight  of  the  body  was  2,300  gm.,  and  therefore  its  net 
.  2300  _ 

specific  gravity  =  ^^=T1 17. 


Therefore, 


[The  voluminometer  can  be  used  quite  well  for  living  infants.] 
Amount  of  Gas  in  the  Respiratory  and  Digestive  Tracts. — This 
can  easily  be  found  by  subtracting  the  net  volume  from  the  gross 
volume.  Thus  in  the  above  case  the  gross  volume  was  found  to 
be  2,365,  and  therefore  the  amount  of  gas  =  2,365  -  2,060  =  305  c.c. 
This  is  about  13  per  cent,  of  the  gross  volume. 


Practical  Importance  of  the  Net  Volume. 

A  knowledge  of  the  net  volume  is  of  some  importance  in 
affording  a  certain  amount  of  information  regarding  the  composi¬ 
tion  of  the  body.  44ius,  Pfaundler  found  that  rickety  infants  have 
a  lower  net  specific  gravity  than  normal  infants.  This  is  what  one 
might  expect  from  the  demineralisation  of  bone  as  well  as  the 
increased  amount  of  water  in  rickets.  Similarly  in  cases  of  atrophy 
the  net  specific  gravity  would  be  higher  on  account  of  the  loss  of 
fat  (whose  specific  gravity  is  less  than  I). 


The  Cutaneous  Sensations. 

These,  as  we  have  already  seen  (Chap.  XVII.),  consist  of 
(a)  touch  or  light  pressure ;  (b)  heat  and  cold ;  and  (c)  pain.  We 
have  further  seen  that  while  the  first  two  sensations  are  present  at 
birth  the  susceptibility  to  pain  is  only  very  feebly  developed  at  the 
time  the  child  is  born. 


2  5 
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Camerer1  studied  the  discriminative  tactile  sensibility  in 
children  between  the  ages  of  six  and  twelve  years  by  means  of  the 
aesthesiometer,  and  he  gives  the  following  table. 


Minimum  Distance  in  Millimetres  at  which  the  Two  Points  of  the 

Compasses  are  separately  felt . 


Place  on  Flexor 

Girls. 

Adults. 

Surface  of  the  Body. 

Age  3-6. 

Age  6. 

Age  8. 

Age  10. 

Age  12. 

Tip  of  middle 

•3-08 

3-32 

2-83 

2-30 

2-05 

2-47 

finger 

7-0 

Middle  of  first 

7-95 

7-83 

8-07 

6-52 

5-80 

phalanx  of  the 
middle  finger 

Middle  of  palm  - 

9-43 

9-67 

9-19 

9-72 

7-62 

11-7 

Wrist  - 

20-95 

19-09 

22-81 

16-34 

14-48 

2L4 

Middle  of  forearm 

31-32 

33-05 

29-59 

26-82 

22-79 

29-65 

Elbow 

31-43 

32-55 

30-32 

26-0 

24-16 

41*2 

Middle  of  arm 

30-76 

32-99 

28-54 

24-08 

21-94 

48-5 

Acromion  - 

37-47 

41-93 

33-05 

3L98 

29-32 

60-1 

The  table  brings  out  the  following  peculiarities  : — 

(1)  The  tactile  sensibility  increases  from  childhood  up  to 

puberty. 

(2)  The  middle  of  the  arm  is  somewhat  more  sensitive 

than  the  elbow  and  the  middle  of  the  forearm  in 

children,  whilst  in  adults  the  opposite  is  the  case. 

Marro 2  finds  that  the  discriminative  sensibility  of  the  index 
finger  of  the  right  hand  diminishes  both  in  boys  and  in  girls  as  the 
child  grows,  although  at  all  ages  the  tactile  sense  is  less  acute  in 
boys  than  in  girls.  This  agrees  with  the  findings  of  Lombroso, 
as  well  as  of  Czermak.  The  more  delicate  topographic  skin  sense 
during  childhood  may  be  due  to  either  or  both  of  the  following 
factors,  viz.:  (1)  The  skin  is  less  hardened  by  work;  (2)  the 

greater  number  of  tactile  end  organs  per  unit  of  skin  area ;  for 

whilst  the  extent  of  skin  surface  increases  with  age,  the  number  of 
touch  organs  remains  constant. 

As  regards  sensibility  to  pain,  the  tests  do  not  agree,  although 
most  observers  find  that  it  decreases  with  age.3 

The  rise  in  the  pain  threshold  may,  however,  be  due  not  so 
much  to  diminution  in  sensibility  as  to  an  increased  ability  to  bear 
pain. 

1  Z,eitschr.  f  Biot.,  xvii.,  1881. 

2  Bull,  de  la  Soc.  de  Med.  Ment.  de  Belgique ,  1894,  p.  413. 

:3  Carman,  Amer.  Journ.  Psych.,  x.,  1899,  p.  392. 
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RESPIRATION 

“With  respect,  then,  to  the  use  of  respiration,  it  may  be  affirmed  that  an 
aerial  something,  whatever  it  may  be,  essential  to  life,  passes  into  the  mass  of  blood. 
And  thus,  air  driven  out  of  the  lungs,  these  vital  particles  having  been  drained 
from  it,  is  no  longer  fit  for  breathing  again.”  John  Mayow  (1674). 


SECTION  I 

Physiological  Anatomy  of  the  Respiratory  Apparatus. 

Nose. — The  infant’s  nose  is  comparatively  narrower  and 
shallower  than  the  adult’s.  The  height  of  the  nasal  cavity  begins 
to  increase  immediately  after  birth,  and  goes  on  rapidly  until 
six  months.  Between  that  age  and  two  or  three  years,  the  increase 
is  slow  until  the  seventh  year,  when  it  again  begins  to  increase 
rapidly.  The  following  measurements  are  given  by  Feldberg1  and 
Dwight 2  (Fig.  89). 


Age. 

Height  of 
Nasal  Cavity 
(Feldberg). 

Height  of 
Posterior 
Nares 
(Dwight). 

Breadth  Between  Ptery¬ 
goid  Processes  at  Hard 
Palate  (Dwight). 

mm. 

mm. 

mm. 

Birth 

17-5 

6-7 

9 

0  months  - 

22 

•  •  « 

,  ,  , 

1  year 

24-8 

13 

16 

3  years 

27 

15 

21 

4  ,,  - 

30 

15 

20 

7  „ 

33-5 

20 

22 

13  „  -  - 

38 

18 

22 

(at  11  years) 

18  „ 

40 

22 

20 

20  „  -  - 

46 

•  •  « 

,  ,  , 

30  „  -  - 

52 

The  nasal  cavity  consists  of  an  upper  olfactory  region  occupying 

1  Dissert.,  .St  Petersburg,  1906  (quoted  by  Gundobin). 

2  Quoted  by  Rotch,  “Pediatrics,”  Fifth  Edition,  Philadelphia,  p.  47. 
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the  ethmoidal  portion,  and  a  lower  respiratory  region  occupying 
the  maxillary  part.  The  growth  in  height  of  the  nasal  cavity 


takes  place  chiefly  in  the  respiratory  portion,  so  that  the  olfactory 
part  recedes  from  the  floor  of  the  nose.  Feldberg  gives  the 
following  measurements  : — 


Fig.  89.— Sections  o'*  the  Nose  at  various  ages  from  Birth  upwards. 
New-born  Infant.  b  —  Four-years  old  Child.  c  —  Twelve-years  old  Child.  d=  Adult. 
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Age. 

Olfactory 

Portion. 

Respiratory 

Portion. 

mm. 

mm. 

Birth 

10*5 

6 

1  year 

12-5 

11-5 

3  years 

13 

12-5 

8  „  -  - 

18 

15-5 

14  „ 

23 

16 

30  „  -  - 

27 

25 

The  mucous  membrane  of  the  infant’s  nose  is  very  delicate  and 
vascular. 

The  Accessory  Sinuses  of  the  Nose. — These  are  feebly  developed 
in  the  infant.  The  frontal  sinus  develops  in  the  second  year.  At 
six  years  it  is  the  size  of  a  pea,  and  becomes  fully  developed  at 
fifteen  years.  The  antrum  of  Highmore  (maxillary  sinus)  is  present 
at  birth,  but  is  still  very  small.  It  increases  markedly  at  two  years. 
The  same  applies  to  the  ethmoidal  sinus.  The  sphenoidal  sinus  is 
present  as  early  as  the  fourth  foetal  month,  but  is  still  very  small 
at  birth. 

The  Nasal  Duct  is  small  and  feebly  developed.  Its  length  at 
birth  is  7 ‘5  mm.  During  the  period  of  the  first  dentition  f.e., 
between  the  seventh  month  and  the  third  year)  its  length  increases 
to  12  mm.  Between  the  twelfth  and  fourteenth  year,  its  length 
increases  from  14  to  20  mm.,  which  is  about  the  size  of  the  duct  in 
the  adult. 

These  anatomical  details  have  a  practical  importance  clinically. 
The  narrowness  and  shallowness  of  the  nose  render  it  liable  to 
severe  obstruction  as  the  result  of  the  slightest  congestion,  to  which 
the  infant  is  particularly  prone  on  account  of  the  vascularity  of  the 
mucous  membrane,  with  consequent  interference  to  breathing. 
The  congestion  also  helps  bacteria  to  proliferate  in  the  nose. 

The  insignificant  development  of  the  accessory  sinuses  renders 
them  less  liable  to  infection  ;  on  the  other  hand,  the  shortness  of 
the  nasal  duct  makes  it  an  important  factor  in  the  transfer  of 
infection  from  the  nose  to  the  eye. 

The  Peculiarities  of  the  Infant’s  Thorax. 

( a )  The  form  of  the  thorax  in  a  new-born  infant  may  belong  to 
one  of  two  types,  viz.  : — 

1.  Conical ,  where  the  upper  circumference  at  the  level  of  the 
axilla  is  1-3  cm.  less  than  the  lower  one  at  the  level  of  the 
xyphoid  cartilage. 
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2.  Cylindrical ,  when  the  two  circumferences  are  equal. 

The  thorax,  however,  is  never  either  a  regular  cone  or  a  regular 
cylinder,  but  may  assume  one  of  several  forms.  The  most  common 
form  is  that  of  a  four-sided  truncated  pyramid,  in  which  the  front 
of  the  chest  as  well  as  the  back  is  flat,  and  where  the  antero¬ 
posterior  and  transverse  diameters  are  of  equal  length.  The  fact 
that  the  thorax  of  the  new-born  infant  is  conical,  and  that  of  the 
adult  barrel-shaped,  has  long  been  known,  but  the  age  of  transition 
of  the  thorax  from  the  one  shape  into  the  other  has  only  recently 
been  worked  out  by  Bondyref.  This  observer  found,  from  an 
examination  of  a  number  of  children  of  various  ages,  that  the 
change  occurs  between  the  age  of  three  and  four  years.  At  that 
age  cases  occur  in  which  the  upper  circumference  is  greater  than 
the  middle  one,  and  the  latter  is  greater  than  the  lower  (f.e.,  the 
thorax  becomes  practically  an  inverted  cone). 

The  cylindrical  thorax  was  found  only  in  fifteen  out  of  380 
children.  The  ages  of  these  fifteen  children  varied  between  three 
months  and  nine  years. 

if)  Another  peculiarity  of  the  thorax  of  the  new-born  infant  is 
the  fact  that  its  antero-posterior  and  transverse  diameters  are  equal, 
or  even  the  fact  that  its  antero-posterior  is  longer  than  the 
transverse  diameter.  As  age  progresses  the  relation  is  reversed. 

Relation  between  the  Antero-Posterior  Diameter  of  the  Thorax  and 
the  Length  of  the  Body. — Quetelet  noticed  that  the  growth  of  the 
antero-posterior  diameter  takes  place  at  an  equal  rate  with  the 
increase  in  body  length.  Whilst  the  width  of  the  thorax  only 
doubles  itself  at  puberty,  Gundobin  found  that  even  during  the 
first  year  the  growth  of  the  transverse  diameter  is  more  rapid  than 
the  antero-posterior.  In  well-developed  children  of  two  years  old 
the  transverse  is  greater  than  the  antero-posterior  diameter  by 
3  cm.  At  four  years  the  difference  is  not  less  than  2  cm.,  and  at 
six  years  the  transverse  diameter  becomes  double  its  original 
birth  size. 

if)  A  third  peculiarity  is  the  horizontal  position  of  the  ribs. 
At  birth  and  in  the  foetus  the  ribs  run  almost  at  right  angles  to 
the  length  of  the  body.  At  the  age  of  four  years  the  ribs  make 
an  angle  of  8°  with  the  horizontal,  whilst  in  the  adult  the  angle 
is  26°.  This  peculiarity  is  due  to  the  high  position  of  the  sternum 
in  infancy.  Thus,  in  the  foetus  the  top  of  the  manubrium  is  at  the 
level  of  the  body  of  the  seventh  cervical  vertebra  ;  at  birth  it  is 
at  the  level  of  the  first  dorsal ;  and  in  the  adult  it  is  opposite  the 
second  or  third  dorsal.  The  angle  at  which  the  ribs  join  the 
sternum,  which  is  90  at  birth,  also  becomes  more  acute  with 
growth.  The  ribs  are  softer ,  and  therefore  do  not  afford  a  good 
basis  for  the  contraction  of  the  respiratory  muscles ;  the  sternum 
is  cartilaginous ;  and  the  muscles  are  weaker.  All  these  peculiarities 
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of  the  infant’s  thorax  cause  the  respiration  of  the  young  infant 
to  be  of  the  abdominal  type  (see  below).  For  the  same  reasons 
the  infant's  cough  is  feebler,  and  excretion  cannot  be  easily 
expelled. 

Peculiarities  of  the  Child’s  Larynx. 

Position. — The  position  of  the  larynx  is  not  constant,  since 
it  moves  with  every  movement  of  the  head.  Whilst  in  the  adult 
it  lies  between  the  fourth  and  sixth  or  seventh  cervical  vertebra, 
its  lower  limit  in  new-born  babies  is,  according  to  Symington,  at 
the  level  of  the  fourth  cervical  vertebra.  The  lower  position  of 
the  larynx  in  the  adult  is  due  to  the  growth  of  the  lower  jaw. 

Dimensions. — The  length  of  the  larynx  in  the  new-born  is 
P.y  of  the  body  length,  -G  of  the  length  of  the  trunk,  and  F  that 
of  the  neck.  In  the  adult  it  is  about  of  the  body  length,  ^ 
that  of  the  trunk,  and  t  that  of  the  neck.1 2  Up  to  three  years 
of  age  the  larynx  is  of  the  same  length  in  males  and  females  ; 
between  three  and  seven  years  the  relative  lengths  of  the  larynx 
in  the  male  and  female  are  as  1  :  (V93.  In  the  adult  the  relation 
is  1  :  0-75. 

The  transverse  diameter  of  the  upper  aperture  in  the  new¬ 
born  is  T66  cm.,  and  the  longitudinal  diameter  IT 6  cm.,  whilst 
at  the  lower  aperture  these  diameters  are  0'38  cm.  each. 

The  Vocal  Cords. — At  birth  the  vocal  cords  are  shorter  than 
in  later  life.  Merkel  and  Galatti 1  have  shown  that  up  to  the 
second  year  the  vocal  cords  are  not  only  absolutely  but  also 
relatively  short.  Their  actual  lengths  are 

In  the  new-born  -  0*42  cm.  in  females,  0*45  cm.  in  males. 

At  16  years  -  T5  ,,  ,,  T65  ,,  ,, 

In  adults  -  -  U59  ,,  ,,  T9  ,,  „ 

The  growth  of  the  vocal  cords  is  most  rapid  during  the  first 
as  well  as  between  the  fourteenth  and  sixteenth  years  (see  below, 
p.  407). 

The  angle  between  the  two  halves  of  the  thyroid  cartilage  is  : — 

At  birth  -  -  130". 

At  16  years  -  .  -  106  in  boys  and  138  in  girls. 

Microscopic  Anatomy  of  the  Larynx  in  Childhood. 

This  is  characterised  by  the  delicacy  of  the  mucous  membrane, 
as  well  as  by  the  greater  congestion  of  the  blood  vessels. 

1  Gedgowt,  “The  Anatomical  Peculiarities  of  the  Respiratory  Organs  in 
Children,”  Dissert.,  .St  Petersburg,  1900, 

2  Quoted  by  Gundobin, 
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The  Trachea. 

Position. — In  the  adult  the  upper  limit  of  the  trachea  is  at 
the  level  of  the  fifth  or  sixth  cervical  vertebra,  and  its  lower  limit, 
or  the  bifurcation,  corresponds  to  the  level  of  the  fourth  or  fifth 
dorsal  vertebra.  In  the  foetus  the  trachea  lies  higher,  the  lower 
limit  being  at  the  level  of  the  second  or  third  dorsal  vertebra. 
In  young  infants  the  limits  of  the  trachea  do  not  differ  from  those 
of  the  adult. 

Dimensions. 


Age. 

Length. 

Diameter  (in  the 
Middle). 

In  adults 

cm. 

9-15 

cm. 

At  birth 

- 

3-2 

1  ’65 

,,  6  months 

- 

4T 

,,  2  years 

5-0 

2-77 

„  10  „ 

6-3 

... 

„  15  „  - 

“ 

7T5 

4-77 

Shape  of  the  Transverse  Section. — In  very  young  infants  it  is 
elliptical,  in  later  years  it  is  circular. 

The  Posterior  Wall. — This  membrano-muscular  portion  is 
wider  in  infants  than  in  adults. 

The  Number  of  Cartilages  is  the  same  in  the  infant  and  adult. 

Compressibility  of  the  Trachea. — Gundobin1  found  that  the  force 
necessary  to  compress  the  trachea  so  as  to  obliterate  its  lumen  was — 

In  new-born  infants  -  -  230-260  gm. 

At  1  year  -  -  -  -  700  gm. 

At  5  years  -  1,000  gm. 

Hovrath  emphasises  the  fact  that  in  bronchial  catarrh  the 
thickening  of  the  mucous  membrane  narrows  the  lumen  of  the 
trachea.  The  harmful  effect  of  such  narrowing  is  compensated 
for  in  the  adult  by  the  elasticity  of  the  tracheal  cartilages,  but 
in  children  the  elasticity  of  the  tracheal  rings  is  not  sufficient  to 
compensate  for  such  narrowing. 

The  Microscopic  Peculiarities  of  the  Trachea  in  Children. 

1.  The  mucous  membrane  is  more  delicate  and  vascular. 

2.  On  account  of  the  incomplete  development  of  the  mucous 
glands  the  mucous  membrane  is  relatively  dry. 


1  “  Besonderheiten  des  Kindesalters,”  p.  152. 
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3.  The  mucous  glands  are  more  superficially  situated,  and 
are  therefore  more  accessible  to  microbic  invasion. 

4.  The  elastic  tissue  is  less  well  developed,  and  therefore  the 
trachea  is  more  compressible. 

The  Bronchi. — The  following  table  is  given  by  Gedgowt : — 


Age. 

Length. 

Circumference. 

Right. 

Left. 

Right. 

Left. 

Birth 

1T7 

1*6 

1-4 

1*2 

1-2  years 

- 

- 

2-15 

2-4 

2-15 

1-87 

15-16  „  - 

— 

3-38 

3-05 

3-6 

3-16 

The  Lungs. — These  are  the  first  of  the  respiratory  organs  to 
develop.  The  primary  lobes  and  alveoli  are  already  seen  at  the 
sixth  month  of  foetal  life.  Gundobin  found  the  alveoli  fairly  well 
developed  in  a  foetus  26  cm.  long  (10  in.). 


Weight  in  Gm. 

Age. 

Body. 

Both 

Lungs. 

Right 

Lung. 

Left 

Lung. 

9  months’  foetus  (not 

2,066 

10-6 

9-3 

7-3 

breathed) 

8  months’ 

foetus 

1,970 

40-0 

21-0 

19-0 

(breathed) 
New-born  - 

3,025 

57-3 

32-0 

25-0 

1  month  - 

- 

3,355 

66-4 

36-8 

29-6 

3  months  - 

- 

4,570 

100-8 

54-0 

46-8 

4-5  „ 

- 

1,590 

111-3 

60-0 

51-3 

1-2  years  - 

- 

10,400 

225-2 

124-6 

100-6 

23  „  - 

- 

12,770 

218-9 

118-6 

100-3 

3-4  „ 

~ 

13,520 

247-2 

130-6 

116-6 

4-5  „ 

- 

15,400 

269-2 

145-6 

123-6 

5-6 

J  V  5  5 

- 

17,000 

352-0 

187-0 

165-0 

6-7  „  - 

- 

18,980 

419-0 

228-0 

191-0 

8-9  „ 

- 

20,300 

455-0 

250-0 

205-0 

9-10  „ 

- 

29,680 

395  0 

210-0 

185-0 

13-14,,  - 

- 

29,400 

413-0 

215-0 

198-0 

14-15,, 

- 

35,900 

594 

330 

264 

15-16,,  - 

-  _ 

690 

370 

320 
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The  weight  of  the  lungs  is,  of  course,  less  in  stillborn  babies 
than  in  those  who  have  breathed,  the  difference  representing  the 
weight  of  the  blood  in  the  lungs.  Thus  Sappey,  Testut,  and  Cruveillier 
give  the  weight  of  the  lungs  in  stillborn  babies  as  to  Cq  of  the 
body  weight,  whilst  that  of  the  new-born  infant  who  has  breathed 
equals  to 

For  the  histology  of  the  lungs  at  birth,  see  Chap.  X.,  p.  142. 

Gedgowt,  as  the  result  of  weighing  eighty  cadavera  of 
children  from  birth  to  sixteen  years  old,  gives  the  table  as  shown 
at  the  foot  of  p.  393. 

From  this  table  it  is  seen  that  the  lungs  grow  uninterruptedly 
with  the  growth  of  the  body,  and  that  one  can  distinguish  two 
periods  of  pulmonary  growth  : — 

1.  From  birth  to  three  months,  when  the  lungs  are  almost 
doubled  in  weight. 

2.  During  the  period  of  puberty  (thirteen  to  sixteen  years). 

The  relative  weights  of  the  lungs  remain  T¥  to  -V  of  the  body 

weight. 

The  Volume  of  the  Lungs. — Aeby  1 2  gives  the  following  measure¬ 
ments  for  the  volume  of  the  lungs  at  various  ages  : — 


Age. 

Volume 

in  c.c. 

Right. 

Left. 

Foetus  (sixth  month),  male 

14-5 

9*9 

Foetus  (sixth  month),  female 

12 

10 

Birth  - 

38-4 

29-3 

11  months 

149 

123 

4  years  - 

250 

180 

8  „  - 

280 

247 

15  ,,  (male) 

354 

272 

15  ,,  (female) 

296 

405 

Adult  (male) 

873 

744 

,,  (female)  - 

705 

585-3 

The  Number  of  Alveoli  in  the  Lungs. — Von  Huschke  calculated 
the  number  of  air  cells  in  the  human  adult’s  lungs  at  1,700-1, SCO 
millions,  with  a  total  surface  (when  spread  out)  of  2,000  sq.  metres. 
This  estimate  has  been  shown  by  Aeby  J  to  be  too  high.  For  the 

1  “  Bronchialbau  der  Saugetiere  u,  Menschen,"  Leipzig,  fSNO, 

2  Ibid , 
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average  diameter  of  an  air  cell  in  the  adult  =  0*2  mm.  Therefore 
the  volume  (assuming  it  to  be  spherical) — 


=  0*004  cub.  mm. 

—  _  i  _ 

2  5  0  5  5 

and  surface  of  air  cell  iirr1  —  0-125  sq.  mm. 

_  ] 

8  5  5 


Therefore,  every  cubic  millimetre  of  lung  substance  contains 
250  cells  of  total  surface  3T2  sq.  mm.  Therefore,  1  c.c.  of  lung 
contains  250,000  cells  of  total  surface  31,200  sq.  mm. 

Hence  the  total  number  of  cells  and  their  total  area  are  : — 


Number. 

Total  Surface. 

In  man  (vol.  of  lungs  =  1,617  c.c.) 

In  woman  ,,  ,,  =  1,290  ,, 

404,500,000 

322,500,000 

Sq.  mm. 

50,450,400 

40,248,000 

/.<?.,  the  total  number  of  air  cells  is  between  three  and  four  hundred 
millions,  and  their  total  surface  during  expiration  is  between  40  and 
50  sq.  metres.  During  distension  ( i.e .,  deep  inspiration)  their 
capacity  can  be  doubled. 

The  number  of  Cells  in  the  Infant's  Lungs. 

The  diameter  of  an  air  cell  at  birth  =  0-07  mm. 

Volume  of  cell  =  0*00018  cub.  mm. 

Number  of  cells  per  c.c.  of  lung  =  5,555,000. 

Total  number  of  cells  in  the  lungs  (taking  volume  of  lungs  at 
birth  as  07*7  c.c.)  =  07*7  x  5,555,000  (see  Table,  p.  394) 

=  376,043,500. 

We  thus  see  that  the  number  of  air  cells  in  the  lungs  at  birth 
is  about  the  same  as  in  the  adult,  showing  that  the  post-natal  growth 
of  the  lungs  consists  entirely  of  an  increase  in  the  size  of  the  air 
cells,  without  any  increase  in  their  number.  Gundobin  believes  that 
the  number  of  alveoli  at  birth  is  only  one-half  that  of  a  child  twelve 
years  old,  and  one  third  that  of  an  adult,  and  that  there  are  greater 
differences  in  size  in  the  individual  alveoli  of  the  infant  than  there 
are  in  the  adult. 

The  total  surface  of  the  alveoli  at  birth  equals  54  sq.  metres. 
Hence,  while  the  volume  of  the  lungs  increases  from  birth  to  the 
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adult  stage  about  twenty-two  fold,  the  total  surface  of  lung  tissue, 
which  is  in  contact  with  the  blood  capillaries,  increases  only  eight¬ 
fold  during  the  same  period.  Therefore,  in  infants,  the  gaseous 
interchange  between  the  lungs  and  the  blood  is  very  active. 

The  lungs  of  infants  are,  in  virtue  of  their  well-developed 
capillary  system,  the  less  well- developed  larger  blood  vessels  and 
their  smaller  volume,  comparatively  richer  in  blood  than  those  of 
the  adult.  For  this  reason  congestion  of  the  lungs,  as  well  as 
hypostatic  pneumonia,  are  more  common  in  infants.  Also 
because  of  the  deficient  development  of  the  elastic  fibres,  atelectasis 
is  more  common. 

Type  of  Breathing  in  Infants. — According  to  Gregor,1  who 
studied  the  type  of  respiration  in  children  by  photographing  the 
contour  of  the  body  during  inspiration  and  expiration  on  the  same 
plate,  a  child  exhibits  during  its  first  year  of  life  the  three  types  of 
breathing  commonly  found  in  mammals,  viz.  : — diaphragmatic , 
thoraco-abdominal ,  and  thoracic. 

(a)  In  the  earliest  period  of  infancy  the  breathing  is  of  the 
diaphragmatic  or  abdominal  type,  because  of  the  horizontal  direction 
and  feebleness  of  the  ribs  as  well  as  the  weakness  of  the  pectoral 
and  intercostal  muscles. 

The  respirations  are  shallow  because,  so  long  as  the  infant  is  in 
the  recumbent  posture,  the  weight  of  the  intestines  presses  upon 
the  lungs,  impeding  their  expansion.  To  make  up  for  the  shallow 
breathing,  the  frequency  is  increased  (see  p.  143).  The  thoracic 
increase  is  chiefly  in  the  antero-posterior  diameter. 

(b)  At  the  commencement  of  the  erect  posture,  i.  e.,  at  about  six  months, 
the  abdominal  organs  drop,  and  the  anterior  chest  wall  descends 
with  them.  The  respiratory  amplitude,  therefore,  becomes 
increased.  Also  the  ribs,  in  virtue  of  the  completed  development 
of  their  necks,  begin  to  slope  down  ;  the  pectoral  and  intercostal 
muscles  become  stronger,  and  are  able  to  elevate  the  ribs.  There¬ 
fore,  not  only  is  there  a  greater  expansion  of  the  chest  antero- 
posteriorly,  as  the  result  of  elevation  of  the  ribs,  but  the  thorax 
also  increases  transversely  with  each  respiration.  The  type  of 
breathing  now  taking  place  is  abdomino-thoracic. 

(c)  Later  still,  i.e.,  after  the  third  year,  the  respiratory  muscles 
become  well  developed,  and  the  breathing  assumes  the  thoracic 
type. 

(d)  After  the  age  of  ten  years  the  type  peculiar  to  the  sex 
manifests  itself,  i.e.,  abdomino-thoracic  in  males,  and  thoracic  in 
females. 


1  Arch.  Anat.  u.  Phys.  Physiol.  /  Abt.  Supplement,  1902;  and  Arch.  Kinder- 
keilk ,  1903. 
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Character  of  Breathing  in  Children. 

Respiration  is  more  rapid  and  also  more  superficial,  as  well  as 
more  irregular,  than  in  adults.  Gundobin  gives  the  following  rates  : — 


Birth 

44' 

1st  month 

-  35 

1  year 

-  30  j 

5  years 

26) 

breaths  per  minute. 


In  the  adult  the  average  rate  is  about  16  per  minute.  In 
the  infant  the  rate  is  more  rapid  in  the  lying  position,  in  consequence 
of  the  hindering  action  of  the  diaphragm.1 


Pulse  :  Respiration  Ratio. 

The  average  number  of  respirations  in  an  infant  is  one  respiration 
for  every  three  to  four  heart-beats  (/.<?.,  about  the  same  as  in  the 
adult). 

Rennenbaum  registered,  by  means  of  a  recording  apparatus,  the 
respiratory  curve  in  a  new-born  baby,  and  found  the  frequency  in 
sleeping  infants  to  be  40-44  per  minute.  There  is  no  pause 
between  expiration  and  inspiration,  nor  is  there  one  between 
expiration  and  the  following  inspiration.  The  respiration  is  super¬ 
ficial,  and  the  inspiration  is  shorter  than  expiration  (duration  of  the 
former  =  0-5  -  0*6  second,  and  of  the  latter  =  0‘7  -  TO  second). 
This  is  due  to  the  yielding  character  of  the  thorax  which  quickly 
and  precisely  follows  the  changes  in  volume  of  the  lungs. 

Tidal  Air. — By  this  is  meant  the  amount  of  air  inspired 
during  quiet  breathing.  This  has  been  measured  by  attaching  to 
the  infant’s  mouth  a  mouthpiece,  which  is  connected  by  means  of 
a  long  tube  with  a  small  and  delicate  spirometer.  The  mouth¬ 
piece  contains  a  valve  which  allows  atmospheric  air  to  enter  the 
lungs,  but  does  not  allow  the  escape  of  the  expired  air,  which  finds 
its  way  into  the  spirometer.  The  latter  has  attached  to  it  a 
writer  which  records  the  upward  movement  of  the  cylinder  on 
a  revolving  drum.  A  curved  line  like  the  following  is  obtained. 

J 


The  height  of  each  step  on  the  curve  gives  the  tidal  air  for 
each  respiration. 

1  See  more  detailed  table  in  Vierordt’s  “  Daten  und  Tabellen,”  p.  254. 
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The  following  results  have  been  obtained  by  Gregor,  for  the 
ages  of  from  birth  to  fourteen  years  : — 


Age. 

Tidal  Air 
in  c.c. 

Weight  in 
Kilos. 

Increase  Per  Cent. 

Of  Tidal  Air. 

Of  Weight. 

Birth  to  (1  months  - 

48 

3-77 

6-12  months  - 

85-129 

7-7-12 

178-270 

204-318 

3-7  years 

124-221 

14-3-19 

146-171 

158-186 

8-14  years 

221-395 

22-29 

179 

154 

Dohrn  1 2  finds  for  the  first  ten  days  an  average  of  45  c.c. 
During  quiet  breathing  39 ‘3  c.c.,  and  during  crying,  47 ‘7  c.c.  On 
the  first  day,  38  c.c. ;  on  the  fifth,  44  c.c.  ;  and  on  the  ninth  and 
tenth  days,  50  c.c. 

Volume  of  Air  Breathed  per  Minute  per  Kilo  Body  Weight. 

This  is  about  400  c.c.  at  birth,  500  c.c.  at  seven  months,  and 
330  at  the  end  of  the  second  year.  In  the  adult  it  is  about 
120  c.c. 

The  Vital  Capacity  (/.<?.,  the  amount  of  air  that  a  person  can 
expire  after  taking  a  deep  breath). — Infants  have  a  relatively  great 
vital  capacity,  affording  them  the  possibility  of  crying  uninterruptedly 
for  “a  considerable  length  of  time.”  As  the  child  grows  older, 
and  the  respiratory  rate  becomes  less,  the  vital  capacity  becomes 
larger. 

According  to  Schnepf  1  the  vital  capacity  in  infants  three  years 
old  equals  450  c.c. 

On  account  of  the  great  experimental  difficulties  with  infants 
of  that  age  the  figures  have  to  be  accepted  with  caution.  The 
following  represents  the  average  vital  capacities  for  children  of 
various  ages  (Seiliger)  3  : — 

7  years  (boys) 

7  „  (girls) 

12  „  (boys) 

12  „  (girls) 

18  „  (lads) 

18  „  (girls) 

1  Quoted  by  Vierordt,  “  Daten  und  Tabellen." 

2  “  Capacite  vital  du  poumon,”  Paris,  1858  (quoted  by  Gundobin). 

:i  Dissert.,  St  Petersburg  (quoted  by  Gundobin). 


1,300  c.c. 
1,000  „ 

-  2,053  „ 

1,294  „ 
3,370  „ 
2,275  „ 
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Circumference  of  Chest  (Kotelman).1 


Age. 

Circumference. 

Relation  between  Inspira¬ 
tion  and  Expiration. 
(Expiration  =  1.) 

Inspiration. 

Expiration. 

9 

65-83 

65-8 

1-12 

10 

67-51 

58*71 

1-11 

11 

69-78 

60-35 

T12 

12 

7T30 

6T95 

T12 

13 

72-29 

63-48 

1-11 

•  #  . 

... 

64-83 

Ml 

20 

91-65 

82-40 

1-07 

Relation  between  Vital  Capacity  and  Length. — Wintrich  2  gives 
the  following  increases  in  vital  capacity  for  every  1  cm.  increase  of 
length  : — 


6-8  years 


8-10 

10-12 


55 

55 


12-14 


3  3 


6’5-9  c.c. 


9-11 

11-13 

13-15 


5) 


5  3 


3  3 


The  following  table  from  Schnepf  gives  more  details : — 


Age. 

Average  Vital 
Capacity. 

Average  Length. 

Number  of 
Cases. 

3-4  years 

400-500 

5-7  „ 

900 

.  .  . 

•  •  • 

8-9  „ 

1,383 

118 

12 

10  „ 

1,350 

121 

15 

ii 

1,845 

139-5 

24 

„ 

1,863 

132-5 

44 

13  „ 

2,131 

145 

52 

o  „ 

2,489 

155 

Adults  - 

3,300 

170 

1  Quoted  by  Vierordt. 

2  Ibid . 
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Relation  between  Circumference  of  Chest  Length  of 
Body  and  Vital  Capacity.  (Kotelmann.) 


Age. 

v 

Vital  Capacity. 

Circumference  : 
Vital  Capacity. 

Length. 

Length  : 
Vital  Capacity. 

M. 

Max. 

Min. 

9 

1,771 

2,200 

1,400 

1  :  26-9 

128-6 

138 

10 

1,865 

2,425 

1,500 

1  :  27*6 

120-7 

18-3 

11 

2,022 

2,750 

1,550 

1  :  29T 

135-0 

14-2 

12 

2,177 

3,100 

1,475 

1  :  30-5 

139  9 

15-6 

13 

2,270 

3,100 

]  ,700 

1  :  31  *4 

143-1 

15-9 

14 

2,496 

3,900 

1,575 

1  :  32*8 

148-9 

16-8 

19 

3,891 

5,000 

2,975 

1  :  43-5 

166-9 

23-3 

The  greatest  increase  in  vital  capacity  occurs  at  puberty.  We 
also  see  that  there  is  no  constant  relation  between  vital  capacity  and 
height. 

Beneke  gives  the  following  table  : — 


Age. 

Length  in 
Cms. 

Vol.  of  Lungs 
in  c.c. 

Vol.  of  Lungs 
per  100  cm. 
Body  Length. 

7  years 

112 

600-700 

530-620 

13-14  years 

140-156 

900-1,000 

640-710 

Adult 

[ 

167-175 

1,100-1,700 

820-1,050 

Boruttan  1  gives  the  following  values  for  the  vital  capacity  of 
children  between  twelve  and  sixteen  years  : — 


Age. 

Male. 

Female. 

12 

1,850 

1,600 

13 

2,000 

1,800 

14 

2,200 

2,000 

15 

2,500 

2,250 

16 

2,700 

2,250 

1  “  Physiologie  des  Entwicklungsalter  ”  in  “  Handbuch  der  Jugendpflege” 
(1912-13),  quoted  by  Selter  (“Handbuch  der  deutschen  Schulhygiene,”  Dresden 
and  Leipzig,  1914),  p.  366. 
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In  spite  of  the  fact,  therefore,  that  at  the  ages  of  twelve  and 
thirteen  girls  are  taller,  and  weigh  more  than  boys,  their  vital 
capacity  is  less. 

The  vital  capacity  varies  with  the  type  of  breathing.  Thus 
Barth  1  gives  the  following  table  : — 

Males.  Females. 


Upper  thoracic 
Abdominal  - 
Thoracic' 

Abdomino-thoracic  - 


2,150  c.c.  2,000  c.c. 

2,680  „  2,170  „ 

3,260  „  2,540  „ 

3,960  „  2,700  „ 


So  that  the  abdomino-thoracic  type  gives  a  vital  capacity  greater 
than  the  upper  thorax  by  1,800  c.c.  in  males  and  by  700  c.c.  in 
females. 


The  Percentage  of  CO.,  in  the  Alveolar  Air. — In  the  case  of 
adults  the  alveolar  air,  as  we  have  seen  on  p.  143,  contains  5 ‘6 
per  cent,  of  CO.,,  corresponding  to  a  partial  pressure  of  40  mm. 
Hg.  Seham 2  found  the  same  to  be  the  case  in  mature  and 
premature  infants  at  birth  (see  p.  303). 

Gaseous  Exchange  Between  the  Lungs  and  the  Blood. 

We  have  seen  that  the  dimensions  of  the  alveoli  increase 
considerably  with  the  growth  of  the  child.  Hence  it  follows  that 
the  surface  of  contact  between  the  alveolar  air  and  the  blood  in 
the  pulmonary  capillaries  must  gradually  diminish  in  proportion. 
Whereas,  however,  the  amount  of  blood  flowing  through  the  lungs 
per  unit  of  time  also  diminishes  with  growth,  it  follows  that  the 
respiratory  exchange  is  most  favourable  in  the  youngest  infants, 
and  becomes  less  and  less  favourable  as  age  progresses.  Indeed, 
numerous  experiments  have  shown  that  the  total  amount  of 
respiratory  products  is  greater  per  kilo  body  weight  in  smaller  than 
in  larger  animals. 

Experiments  on  children  of  various  ages  and  on  adults  have 
shown  the  same  thing,  as  can  be  seen  from  the  table  on  p.  402. 
On  the  other  hand,  if  measured  per  unit  of  surface  area,  the 
respiratory  exchanges  (as  well  as  the  loss  of  heat)  are  the  same  at 
all  ages,  the  latter  amounting  to  about  1,050  calories  per  square  metre 
of  surface,  and  in  spite  of  the  evidence  to  the  contrary  brought 
forward  by  Magnus-Levy,  Sonden  and  Tigerstedt,  A.  Loewy,  and 
others,  Rubneds  law  0}  surface  area  holds  good.  This  law  states  that 
the  consumption  of  O.,  and  the  elimination  of  CO«  in  the  resting 
condition  are  f mictions  oj  the  surface  of  the  body ,  and  that ,  therefore , 


1  “  Eirifuhrun 
Leipzig,  1911. 

2  Am.  J.  Dis. 


g  i.d.  Physiol. 
Child. ,  18,  1918. 


26 


Pathol. 


u. 


Hygiene  d. 


Menschl.  Stimme,” 
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the  increase  in  metabolism  in  children  corresponds  exactly  to  their 
increased  surface  area. 


Weight, 
in  Kg. 

Surface 
in  Sq. 
Metres. 

Production  of 
CO,2  in  24  Hours. 

Production  of 

02  in  24  Hours. 

Cals. 

Per  Kilo. 

Gm. 

Litres. 

Gm. 

Litres. 

5 

0*350 

132-2 

67-4 

107-9 

75-5 

379-2 

75-8 

6 

0  395 

149-1 

76-1 

121-7 

85-2 

416-6 

69-5 

7 

0-438 

165-4 

84-4 

135-1 

94-5 

462-4 

66*0 

8 

0-479 

177-0 

90-3 

149-8 

104-8 

512-9 

64-1 

9 

0-518 

195-6 

99-8 

159-8 

111-8 

578-9 

64-3 

10 

0-555 

209-6 

106-9 

171-1 

119-7 

585-6 

58-5 

11 

0-591 

223-2 

113-9 

182-1 

127-4 

623-2 

56-6 

12 

0-627 

236-8 

120-8 

190-3 

133-2 

651-3 

54-2 

13 

0-661 

249-6 

127-3 

203-7 

142-5 

697-3 

53-6 

14 

0-696 

262-8 

134-1 

214-6 

150-2 

734-5 

52-4 

15 

0-728 

274-9 

140-3 

224-2 

156-9 

767-7 

51-1 

16 

0-760 

287-0 

146-4 

234-2 

163-9 

801  *5 

50-1 

17 

0-790 

298-4 

152-2 

243-5 

170-4 

833-4 

49-0 

18 

0-821 

310-1 

158-2 

253-1 

177-1 

866-1 

48-1 

19 

0-865 

326-7 

166-7 

266-8 

186-7 

912-9 

48-0 

20 

0-908 

342-9 

174-9 

279-8 

195-8 

957-5 

47-9 

25 

1-053 

397-7 

202-9 

324-7 

227-2 

1111-5 

44-4 

30 

1-187 

448-3 

228-7 

365-9 

256-0 

1252-3 

41-4 

35 

1-317 

497-6 

253-9 

406-0 

284-1 

1389-7 

39-7 

40 

1-442 

544-7 

277-9 

451-6 

316-0 

1545-7 

38-6 

45 

1-559 

588-9 

30.0-4 

480-8 

336-4 

1645-5 

36-5 

50 

1-674 

632-2 

t  J  +j  Li  O 

516-1 

361-2 

1766-3 

35-3 

The  above  law  of  surface  area  only  holds  good  for  the  resting 
state,  and,  therefore,  as  a  child  does  proportionately  more  work  than 
an  adult,  its  heat  production  per  unit  area  is,  under  ordinary  circum¬ 
stances,  greater  than  in  an  adult. 

A  simple  illustration  of  the  less  economic  use  of  energy  by  a 
child  is  given  by  Schlossmann  :  Imagine  an  adult  and  a  boy  of 
eight  going  out  together  for  a  walk  of  2  km.  ;  it  will  be  noticed 
that,  while  the  adult  will  carry  his  body  weight  hardly  more  than 
2  km.,  the  boy  will  carry  his  body  weight  about  double  that 
distance. 
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SECTION  II 

The  Principles  of  Ventilation. 

Within  the  last  few  years  a  change  has  taken  place  in  the 
ideas  regarding  ventilation.  The  symptoms  caused  by  breathing 
the  air  of  crowded,  unventilated  rooms,  i.e .,  depression,  headache, 
faintness,  etc.,  might  conceivably  be  due  to  either  (a)  the  chemical 
peculiarities  of  expired  air,  viz.,  diminution  in  the  oxygen  content, 
increase  in  the  CO.>  content,  and  addition  of  alleged  volatile  toxic 
substances,  as  evidenced  by  the  disagreeable  odour ;  or  (b)  the 
physical  peculiarities  of  the  exhaled  air,  viz.,  increased  temperature 
and  humidity  and  lack  of  air  movement. 

Till  recently  it  was  the  chemical  theory  of  the  vitiation  of  air 
which  prevailed,  but  owing  to  the  work  of  Haldane,  Leonard  Hill, 
and  his  collaborators,1  as  well  as  others,  this  theory  has  been 
found  to  be  untenable,  and  has  been  largely  given  up  in  favour 
of  the  other  so-called  thermal  or  physical  theory. 

Points  against  the  Chemical  Theory. 

1.  The  bad  effects  of  expired  air  cannot  be  due  to  diminution 
of  oxygen,  because  in  the  mountainous  health  resorts  of  Switzer¬ 
land,  as  well  as  in  the  Andes,  14,000  feet  above  the  sea-level, 
where  the  inhabitants  are  strong  and  healthy,  the  partial  pressure 
of  the  oxygen  is  no  more  than  14  per  cent,  of  an  atmosphere, 
whilst  in  the  most  crowded  and  unventilated  rooms  it  is  never  less 
than  about  20  per  cent.  Indeed,  so  long  as  the  partial  pressure 
of  oxygen  is  sufficient  to  keep  the  blood  saturated  with  oxygen, 
there  can  be  no  oxygen  starvation,  and  the  oxygen  saturation 
pressure  of  blood  is  no  more  than  100  mm.  Hg,  corresponding  to 
a  percentage  of  oxygen  of  no  more  than  14  per  cent. 

2.  That  the  increased  amount  of  CO.>  has  nothing  to  do  with 
the  vitiation  of  air  is  clear  from  the  experiments  of  Haldane  and 
Priestley,  described  on  p.  143.  From  these  experiments  it  is  seen 
that  so  long  as  the  percentage  of  CO.,  in  the  inspired  air  is  no 
more  than  5,  the  CO.,  content  of  the  alveolar  air  remains  constant 
at  about  5*5  per  cent.,  but  even  in  the  most  crowded  rooms  the 
CO.,  never  reaches  more  than  1  per  cent.  Further,  as  Hill  has 
pointed  out,  when  a  child  is  asleep  with  its  head  partly  covered  by 
the  bed-clothes  in  a  cradle  confined  by  curtains,  it  rebreathes  its 
own  expired  air  to  a  very  great  extent. 

3.  Then  as  regards  the  alleged  volatile  organic  poisons,  Brown- 
Sequard  and  D’Arsonval  were  the  first  in  1877  to  produce  evidence 
of  the  existence  of  such  a  poison  in  expired  air,  since  they  found 

1  Local  Government  Board  Report  on  Ventilation,  by  Prof.  Leonard  Hill, 
London,  1914, 
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that  injection  of  condensed  moisture  from  the  breath  into  animals 
produced  fatal  results.  Similar  experiments  have  recently  been 
performed  by  Roseneau  and  Amoss  1  in  America  with  similar  results. 
But  repetition  of  these  experiments  by  Hill  and  other  competent 
observers,  under  conditions  which  excluded  contamination  of  the 
breath  moisture  with  saliva,  etc.,  invariably  gave  negative  results. 
Hence  one  can  say  that  there  is  no  evidence'  of  the  presence  of 
volatile  toxic  products  in  the  expired  air.  By  a  process  of  ex¬ 
clusion  we  arrive  therefore  at — 

The  thermal  theory,  according  to  which  the  bad  effects  of 
breathing  the  air  of  unventilated  rooms  is  due  to  increased 
temperature  and  moisture  of  the  air,  together  with  lack  of  air- 
movement,  preventing  loss  of  heat  from  the  body  by  evaporation. 
This  throws  extra  work  on  the  heat-regulating  mechanism  (dilata¬ 
tion  of  the  capillaries,  etc.)  and  ultimately  on  the  heart.  This 
theory  was  first  put  forward  by  Hermans  in  1883,  and  put  to  the 
test  of  experiment  by  Fliigge,  Leonard  Hill,  and  their  collaborators.2 
These  investigators  placed  individuals  inside  closed  cabinets  of 
known  capacity  for  a  few  hours  under  various  controlled  chemical 
and  physical  conditions  of  the  atmosphere.  The  following  results 
were  found  : — 

The  chemical  impurity  of  the  air  did  not  affect  the  physical 
comfort  or  mental  alertness  of  the  individual  inside  the  chamber 
so  long  as  the  moisture  and  temperature  were  kept  low,  or  the 
air  was  whirled  by  a  fan.  On  the  other  hand,  if  the  air  was  kept 
stationary  and  the  moisture  and  temperature  high,  then,  even  if 
the  person  inside  the  chamber  breathed  pure  air  conveyed  to  him 
from  the  outside  by  means  of  a  tube,  his  sense  of  discomfort  was 
not  relieved.  Similarly,  when  a  man  outside  the  chamber  breathed 
the  air  conveyed  by  a  tube  from  inside,  there  was  no  sense  of 
oppression  felt  in  spite  of  the  air  being  chemically  very  impure  in 
every  respect. 

Hence  the  requisites  of  a  proper  system  of  ventilation  reduce 
themselves  not  to  the  task  of  changing  the  air  at  a  rate  sufficient 
to  keep  it  at  a  certain  level  of  chemical  purity  (/.<?.,  below  0'06  per 
cent,  of  CO.,  as  first  advocated  by  De  Chaumont,  and  since  then 
universally  adopted  by  sanitarians),  but  to  the  problem  of  removing 
the  heat  created  by  the  persons  inside  the  confined  space,  without 
causing  an  unpleasant  sensation  of  chill.  A  school  child  parts 
with  about  300  B.T.U.  hourly  instead  of  400  B.T.U.  hourly  given 
off  by  an  adult.  (A  British  Thermal  Unit  is  a  quarter  of  a  large 
calorie,  and  equals  the  amount  of  heat  required  to  raise  1  lb.  of 

1  Journ.  Med.  Research ,  xxv. ,  1911. 

2  See  Local  Government  Report  on  Ventilation,  by  Prof.  Leonard  Hill, 
London,  1914. 
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water  1  F.).  The  problem  of  the  ventilation  of  schools  (and 

other  buildings),  is,  therefore,  the  problem  of  how  to  remove  300 
B.T.U.  hourly  from  each  child  (or  400  B.T.U.  hourly  from  each 
adult)  without  discomfort,  i.e .,  as  latent  heat  of  vaporisation,  but 
not  by  radiation  and  convection. 

The  rate  at  which  such  cooling  is  to  take  place  is  measured  by 
Hill’s  katathermometer ,  which  essentially  consists  of  two  large-bulbed 
spirit  thermometers,  one  of  which — the  dry  thermometer — has  the 
bulb  uncovered,  and  the  other — the  wet  thermometer — has  the 
bulb  covered  by  a  fine  cotton  mesh.  The  instruments  are  im¬ 
mersed  in  hot  water  inside  the  chamber  to  be  ventilated,  and 
the  time  taken  by  each  to  cool  inside  that  chamber  from,  say, 
100  to  95°  F.  is  noted.  As  the  wet  thermometer  loses  heat  by 
evaporation,  radiation,  and  convection,  and  the  dry  thermometer 
loses  heat  only  by  radiation  and  convection,  the  difference  gives 
the  rate  of  cooling  of  the  katathermometer  by  evaporation. 
The  standard  to  be  aimed  at  in  the  heating  and  ventilating  of 
schools  should  be  such  as  to  correspond  to  that  rate  of  cooling 
of  the  katathermometer  in  the  experimental  chamber  which  gives 
the  most  pleasant  sensation.1 

It  has  been  found  that  in  order  to  maintain  thermal  equilibrium, 
some  2,000-3,000  cub.  ft.  of  air  have  to  be  changed  per  hour  per 
head.  This  is  the  same  rate  of  change  as  was  found  necessary 
on  the  basis  of  the  chemical  theory ;  but  whilst  the  chemical 
theory  demanded  the  introduction  of  fresh  outside  air  at  the 
rate  mentioned,  under  the  thermal  theory  of  ventilation  it  is 
permissible  to  recirculate  the  expired  air  a  number  of  times  after 
cooling  and  drying  it.  This  is  actually  being  successfully  done 
in  America  with  a  great  deal  of  saving  of  expense. 

There  is  one  other  point  in  this  connection.  Hill  and  Muecke 
found  that  in  unventilated  rooms  the  mucous  membrane  of  the 
nose  becomes  congested,  causing  nasal  obstruction,  with  con¬ 
sequent  predisposition  to  bacterial  invasion.  This  congestion 
disappears  when  the  room  is  cooled  by  a  fan.  As,  further,  cooling 
of  the  feet  also  aids  nasal  congestion,  it  follows  that  the  system 
of  ventilation  must  be  so  arranged  that  the  pure  cool  air  comes  in 
at  the  top,  so  as  to  keep  the  head  cool  and  the  feet  warm.  This 
applies  with  greater  force  in  the  case  of  children,  on  account  of  the 
narrowness  of  their  nasal  passages. 

1  See  L.  Hill,  “Science  of  Ventilation  and  Open-Air  Treatment,”  London, 
1919. 
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SECTION  III 

Voice. 

The  vocal  apparatus  may  be  compared  to  a  wind  instrument 
in  which  the  lungs  represent  the  wind  chest  or  bellows ;  the 
trachea,  the  wind-pipe,  and  the  larynx,  the  sounding  body  of  the 
reed-instrument  type  which  is  set  in  action  by  the  air  from  the 
lungs  ;  whilst  the  pharynx,  nose,  and  mouth  represent  the  resonating 
chambers. 

The  only  sound  produced  during  the  first  few  weeks  of  life 
is  that  of  crying  due  to  hunger  and  thirst. 

Vocal  Range  in  Children. — To  know  the  range  of  the  voice 
in  children  is  a  matter  of  practical  importance  from  the  point 
of  view  of  the  protection  of  the  juvenile  voice  during  the  early 
school  years.  Gutzmann  and  Flatau 1  have  shown  that  incorrect 
handling  of  children’s  voices  injures  the  larynx.  Thus,  Flatau 
examined  700  school  children  laryngoscopically,  and  found  that 
laryngeal  trouble  (as  the  result  of  exaggerated  demands  made 
upon  their  vocal  range  in  school  by  practising  songs  which  do 
not  suit  the  majority  (75  per  cent.)  of  the  children)  occurs  in 
girls  six  years  of  age  to  the  extent  of  20  per  cent. ;  at  the  age 
of  eight  years  to  the  extent  of  42  per  cent.  ;  and  in  no  less  than 
50  per  cent,  at  fourteen  years  of  age.  In  boys  the  percentages  rose 
to  50-75  per  cent.  Hence,  in  order  that  school  singing  should 
be  arranged  in  such  a  way  as  not  to  overstrain  the  children’s 
voices,  it  is  necessary  to  know  the  vocal  ranges  of  children  of 
various  ages. 

The  very  extensive  researches  of  Autenrieth  2  have  shown  that 
the  vocal  ranges  of  children  between  birth  and  the  ages  of 
fifteen  years  may  be  represented  as  follows.  The  half-notes  are 
those  for  boys,  and  the  quarters  for  girls. 
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Paulsen,3  as  the  result  of  the  examination  of  700  children,  gives 
the  following  table  : — 


1  “  Die  Singstemme  des  Schulkindes,”  Arch.  f.  Laryngologies  20,  1906. 

2  Quoted  in  Selter’s  “  Handbuch  der  deutschen  Schulhygiene,”  Dresden  and 
Leipzig,  1914,  p.  194. 

3  “  Uber  die  Singstimme  der  Kinder,”  Pfluger’s  Arch .,  61. 
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Males. 

Females. 

Age. 

75  per  Cent. 

25  per  Cent. 

75  per  Cent. 

25  per  Cent. 

6  years 

d^a1 

d^c2 

di-a1 

d^-C2 

7  „ 

dl-bl 

/  d1  -d2  \ 

X  M-a1  j 

cP-c2 

C!-f2 

8  „ 

dl-hl 

/ dl-c2  1 

\  c1-c(a)2  J 

d*-d2 

h-f2 

9  „ 

d:-d2 

h-f2 

cM2 

j  h-f2 
l  b-es2 

10  „ 

(d)c1-d2 

b-f2 

N-e2 

h-g2 

11  „ 

h-d2 

/  a-e2 1 
l  h-g2  j 

C!-f2 

{ H2 

l  a-e^ 

12  „ 

h-e2 

{tfj 

h-f2 

a-g2 

13  „ 

(h-e2  \ 

1  b-es2  / 

a-g2 

h-f2 

a-a2 

11  „ 

b-e2 

f g-es2  \ 
ta-g2  i 

h-f2 

j  h-a2 

1  a-g2 

15  „ 

h-e2 

/  g-f 2  l 
l  a-g2  J 

h-f2 

j  h-gis2 

1  as-f2 

The  Breaking  of  the  Voice. — This  occurs  in  boys  at  the  age  of 
fourteen  to  fifteen  when  puberty  sets  in.  Girls  also  show  a  break 
in  the  voice,  but  not  such  a  sudden  one  as  in  boys,  because  in 
them  the  vocal  cords  do  not  grow  so  rapidly  at  puberty.  Thus, 
whilst  in  boys  the  vocal  cords  increase  from  13  to  24  mm.  in 
length  between  the  ages  of  twelve  and  twenty,  the  lengthening  in 
girls  during  the  same  interval  is  only  from  12  to  16  mm.,  as  the 
following  table  from  Barth  shows  : — - 


0  Years. 

2  Years. 

6  Years. 

10  Years. 

14  Years. 

20  Years. 

30  Years. 

Males  - 

mm. 

6 

8 

10 

13 

13 

24 

30 

Females 

8 

8 

10 

12 

12 

16 

20 

The  lengthening  during  the  pubertal  period  in  boys  is  twice 
as  great  as  the  increase  between  birth  and  puberty.  Hence 
during  the  pubertal  period  the  voice  becomes  nearly  one  octave 
lower  in  boys  than  in  girls. 


408  PRINCIPLES  OF  CHILD  PHYSIOLOGY 

The  following  (after  Gutzmann)  represents  the  change  in  voice 

(half-note  equals  male,  quarter-note  equals 
female).  The  rapidity  with  which  the  larynx 
changes  its  shape  during  mutation,  causes  some 
children  to 

muscles  to  such  an  extent  that  they  cannot 

produce  any  musical  sounds  at  all. 

The  Physiology  of  Speech.* 1 2 

Meumann  describes  the  following  four  preliminary  conditions 
necessary  for  the  development  of  speech  in  a  child  : — 

1.  The  Acoustico-Optical  Impulse . — Whether  an  infant  is  or  is 
not  deaf  at  birth  is  a  matter  which  is  not  definitely  settled,  but  it 
is  universally  recognised  that  before  the  age  of  two  months  an 
infant  is  unable  to  distinguish  sounds.  After  that  age  the  baby 
begins  to  be  soothed  by  the  mother’s  or  nurse’s  voice.  At  that 
age,  therefore,  the  acoustic  impulse  begins  to  be  operative.  At  the 
same  time,  however,  the  infant  begins  to  observe  and  imitate  the 
movements  of  the  lips.  Gutzmann  believes  that  this  optical  impulse 
to  speak  is  even  more  powerful  than  the  acoustic. 

2.  The  Motor- Kincesthetic  Impulse. — The  co-ordination  of  the 
muscles  of  the  tongue  commences  as  the  result  of  the  sense  of 
touch.  Spontaneous  lallation  appears  in  some  infants  as  early  as 
between  the  fourth  and  seventh  week,  and  is  due  to  a  pure  heredito- 
physiological  disposition  to  talk.  The  tactile  sensations  produced 
by  the  first  efforts  at  lallation  teach  the  infant  to  control  his  own 
sounds,  and  the  child  very  soon  begins  to  imitate  himself.  At  the 
age  of  about  nine  months  this  auto-imitation  is  followed  by  imita¬ 
tion  of  sounds  and  words  produced  by  other  people.  This  impulse 
to  imitation  is  a  congenital  phenomenon  which  is  not  limited  to 
lingual  sounds.  The  child  naturally  imitates  gestures,  grimaces, 
songs,  and  the  timbre  of  the  adult  voice.  This  imitation  of  sounds 
or  words  without  understanding  the  meaning  of  the  words  uttered 
is  called  echolalia. 

The  lack  of  skill  in  co-ordinating  the  laryngeal  and  oral  muscles 
explains  the  difficulty  experienced  by  the  young  infant  to  imitate 
certain  sounds,  and,  therefore,  those  sounds  which  require  little 
muscular  effort  are  reproduced  earliest.  Thus,  pronunciation  of 
the  vowels,  ah,  o,  ay,  which  are  open  sounds,  require  very  little 
muscular  energy,  and  are  reproduced  before  the  sounds  oo  and  ee, 
which  necessitate  a  narrowing  of  the  oral  cavity  either  at  the  lips 
or  by  the  raising  of  the  tongue  against  the  hard  palate.  (See 
Fig.  91.)  Further,  when  a  consonant  is  combined  with  a  vowel, 

1  This  section  is  based  on  Nadoleczny’s  article  in  vol.  vii.  of  Pfaundler  and 
Schlossmann’s  “  Diseases  of  Children.” 


lose  control  over  the  laryngeal 


Ah. 


Fig.  91.— The  Position  of  the  Tongue  and  the  Shape  of  the  Mouth  in 
producing  different  Vowel  Sounds.  (From  Aikin’s  “The  Voice,” 
Longmans,  Green  &  Co.) 
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considerable  muscular  effort  is  required,  Thus,  to  change  from 
m  to  ah  the  velum  palati  has  to  be  raised.  Hence  m,  as  a 
humming  sound,  appears  earlier  than  in  connection  with  a  vowel. 
Again,  in  pronouncing  diphthongs  like  at,  ay,  the  mouth  cavity 
changes  its  form  as  it  passes  from  one  vowel  to  another,  and  there¬ 
fore  such  sounds  are  acquired  later. 

As  regards  consonants,  those  which  are  produced  by  inter¬ 
ruption  of  the  outgoing  blast  at  the  lips  (labials),  e.g.,  p  and  b,  are 
pronounced  earlier  than  dentals  like  t  and  d ,  or  gutturals  like  k 
and  g,  because  the  conditions  for  narrowing  and  widening  the  oral 
fissure  are  simpler  at  the  lips  than  at  the  second  or  third  stop 
position,  where  the  tongue  has  to  perform  complicated  movements 
in  order  to  produce  the  necessary  sound.  Again,  dental  aspirates 
like  j-,  sh,  l,  and  x  cannot  be  pronounced  till  the  child  has  teeth. 

Further,  those  sounds  which  are  produced  by  certain  move¬ 
ments  of  the  tongue  inside  the  mouth,  and  cannot,  therefore,  be 
seen  and  imitated  by  the  infant,  are  acquired  at  a  later  stage. 
Such  sounds  are  k  and  g. 

Change  in  Child's  Respiration  with  Beginning  of  Speech. 

During  speaking,  the  expiratory  blast  is  slowly  but  uninter¬ 
ruptedly  distributed  over  a  large  number  of  words,  and  therefore 
a  larger  amount  of  air  must  be  breathed  in  during  inspiration. 
Hence,  when  the  child  begins  to  speak  its  respiration  becomes 
deeper  than  during  silence,  and  the  thoracic  type  of  breathing 
predominates. 


CHAPTER  XXIX 


THE  BLOOD 


“  I,  the  blood,  am  the  chief  cause  of  all  disease.” — The  Talmud.1 


When  one  considers  the  great  frequency  of  blood  diseases  in 
children  one  recognises  the  great  clinical  significance  of  a  blood 
examination  in  the  study  of  the  ailments  connected  with  infancy 
and  childhood.  But  as  the  composition,  as  well  as  the  morpho¬ 
logical  characters,  of  the  child’s  blood  are  different  from  what  they 
are  in  the  adult,  it  will  be  seen  that  a  study  of  the  physiology  of 
the  child’s  blood  is  one  of  very  great  practical  importance.  The 
investigation  of  the  characters  of  the  normal  child’s  blood  is, 
however,  attended  with  considerable  difficulty  for  several  reasons. 
In  the  first  instance,  the  child’s  blood  changes  its  morphological 
characters  one  or  two  days  before  the  onset  of  a  disease,  and  hence, 
before  one  can  definitely  say  that  the  specimen  of  blood  from  any 
particular  infant  is  a  sample  of  normal  blood,  it  is  necessary  to 
keep  the  infant  under  observation  for  a  couple  of  days.  Secondly, 
the  child  is  peculiar  in  the  fact  that  the  slightest  bodily  disturb¬ 
ances,  such  as  digestive  disorders,  or  unfavourable  environmental 
conditions,  such  as  bad  air,  unsuitable  food,  etc.,  at  once  influence 
the  character  of  the  blood.  Hence,  great  care  and  patience  have 
to  be  exercised  in  the  choice  of  suitable  material  for  the  investiga¬ 
tion  of  the  blood  of  the  child  at  various  stages  of  its  growth. 

Specific  Gravity  of  the  Blood  as  a  Whole. 

All  authorities  agree  that  the  specific  gravity  of  the  child’s 
blood  is  lower  than  that  of  the  adult — except  at  birth,  when  the 
specific  gravity  is  the  same  as  in  the  adult  (see  p.  164).  Karnitzki 2 
gives  the  table  on  p.  412. 

The  specific  gravity  begins  to  decrease  from  the  first  day. 
Boys’  blood  has  at  all  ages  a  higher  specific  gravity  than  that  of 
girls.  The  specific  gravity  does  not  seem  to  be  affected  by  the 
number  of  corpuscles,  but  depends  upon  the  amount  of 
haemoglobin. 

1  See  W.  M.  Feldman,  “The  Jewish  Child,”  London,  11)1 7,  p.  369. 

2  Dissert.  St  Petersburg,  1901. 
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Age  in  Years. 

Average. 

Specific  Gravity. 

Maximum. 

Minimum. 

0-2  - 

10,566 

10,600 

105,330 

2-4  - 

10,581 

10,612 

10,572 

6-8  - 

10,619 

10,645 

10,591 

12-14 

10,600 

10,634 

10,588 

• 

Specific  Gravity  of  Serum. 

The  following  values  represent,  according  to  Hock,  the  specific 
gravity  of  serum  at  various  ages  : — 

0-1  year  -  10,265 

2  years  -  10,300 

7  „  -  -  -  -  10,315 

Viscosity.  - —  This  has  already  been  partly  considered  in 
Chap.  XII.,  p.  164. 

In  1910  Lust1  carried  out  a  series  of  investigations  on  the 
viscosity  of  infant’s  blood,  and  he  came  to  the  following  con¬ 
clusions  : — 

1.  The  average  viscosity  during  the  first  year  is  3*8. 

2.  In  later  infancy  and  childhood  the  viscosity  approaches 
that  for  the  adult. 

3.  Anaemic  infants  have  a  lower  blood  viscosity,  although  it  is 
not  possible  to  establish  a  constant  relationship  between  viscosity 
and  haemoglobin  content.  On  the  other  hand,  Weik  and  Gardere 
believe  that  the  viscosity  is  a  good  index  of  the  corpuscular  content 
of  the  blood.2 

4.  All  conditions  leading  to  cyanosis  with  excess  of  CO,  in 
the  blood  raise  the  viscosity. 

5.  Although  blood  which  contains  a  higher  percentage  of 
water  has  a  lower  viscosity,  it  is  not  possible  in  individual  cases  to 
establish  a  constant  relationship  between  these  two  conditions. 

6.  Excessive  carbohydrate  ingestion  lowers  the  viscosity  of  the 
blood,  probably  because  it  renders  the  blood  more  watery. 

7.  Subcutaneous  or  intravenous  introduction  of  saline  lowers 
the  viscosity  after  thirty  hours  from  4*7-3*5. 

1  Arch,  f  Kinderheilk ,  54,  1910,  p.  200. 

2  Arch,  de  Med.  des  Enf.,  xiii.,  1915,  p.  201. 
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Relation  between  Viscosity  and  Blood  Pressure. 

In  1915  P.  Gautier1  studied  the  relationship  between  viscosity 
and  blood  pressure  in  forty  normal  children  from  one  month  to 
thirteen  years  old,  by  means  of  Hess’s  viscometer  and  Pachon’s 
oscillometer.  He  found  that  the  maximum  pressure  increased 
from  the  time  of  getting  up  in  the  morning  until  going  to  bed  in 
the  evening.  The  difference  between  the  morning  and  evening 
pressures  varied  directly  with  the  age  of  the  child;  the  older  the 
children  the  greater  the  difference.  The  minimum  pressure  also 
increased  in  the  course  of  the  day,  but  to  a  smaller  extent  than 
the  maximum. 

The  Pulse  Pressure  (/'.<?.,  the  difference  between  the  maximum 
and  minimum  pressures)  was,  therefore,  higher  in  the  evening  than 
in  the  morning.  The  viscosity  behaved  in  exactly  the  opposite 
way,  /.<?.,  it  was  highest  in  the  morning,  and  gradually  fell  during 
the  day.  The  younger  the  child  the  lower  the  pulse  pressure  and 
the  sphygmo-viscosimetric  relation  (i.e.,  the  relation  between  pulse 
pressure  and  viscosity),  the  viscosity  varying  only  slightly  with  age. 

Before  two  years  the  sphygmo-viscosimetric  relation  varied 
between  9*75  and  T05.  Later  it  ranged  from  1-T5.  In  adults  it 
ranges  between  T15  and  T80.  In  anaemic  children  the  relation 
was  higher  than  in  healthy  children  of  the  same  age  (because 
anaemia  reduces  viscosity). 

Increased  viscosity  of  the  blood,  in  virtue  of  its  offering  greater 
resistance  to  the  flow,  must,  ceteris  paribus ,  necessarily  be  a  cause  of 
increased  blood  pressure.  Hence,  in  cases  of  greatly  lowered 
blood  pressure,  as  the  result  of  haemorrhage,  intravenous  injection 
of  saline  containing  some  viscid  fluid,  such  as  gum  acacia,  in 
sufficient  quantity  to  make  the  saline  of  the  same  viscosity  as  the 
blood,  will  restore  the  blood  pressure  to  its  original  level.  (Bayliss.) 

Coagulatioji  Time . — Shaw  and  Williams  2  examined  the  coagula¬ 
tion  time  of  the  blood  in  young  infants  under  three  years  old,  and 
found  it  to  be  lower  than  in  the  adult,  thus : — 


Age. 

Coagulation  Time. 

Number  of 
Children  Examined. 

0-1 

3  min.  47  sec. 

95 

1-2 

3  „  54  „ 

35 

2-3 

3  „  58  „ 

20 

1  Paris  Med.,  ii. ,  1911-12,  p.  133. 

2  New  York  State  Journ.  Med.,  xv. ,  1915,  p.  348,  abstracted  in  Br.  J. 
Childr.  Dis .,  xiii.,  1916,  p.  180. 


4i4  PRINCIPLES  OF  CHILD  PHYSIOLOGY 


Factors  which  Influence  the  Coagulability  of  the  Blood. 

1.  Fear  and  emotion  shorten  the  clotting  time  of  blood.  This, 
according  to  Cannon,1  is  due  to  the  hypersecretion  of  epinephrine, 
which,  he  believes,  accompanies  such  states ;  and  he  found  that 
intravenous  injection  of  epinephrine  decreases  the  coagulation 
period. 

2.  Stimulation  of  the  splanchnic  nerves  has  the  same  effect  on 
coagulation  time  for  the  same  reason. 

3.  A  diminished  amount  of  fibrinogen  diminishes  the  firmness 
of  the  clot,  e.g.,  when  the  liver  cells  are  destroyed  by  chloroform  or 
phosphorus,  etc.  Graham,  by  poisoning  pregnant  animals  with 
chloroform,  produced  haemorrhagic  diseases  in  the  offspring.2 

4.  A  Deficiency  of  Prothrombin  lengthens  the  coagulation  time, 
e.g.,  in  certain  cases  of  melaena  neonatorum.3  In  such  cases,  there¬ 
fore,  intravenous  injection  of  blood  serum  is  of  value  because  it 
furnishes  a  supply  of  prothrombin. 

5.  A  deficiency  of  calcium  ions  diminishes  the  coagulability, 
since  calcium  is  necessary  for  the  conversion  of  prothrombin  into 
thrombin.  It  was  at  one  time  believed  that  the  very  defective 
clotting  in  haemophilia  was  due  to  lack  of  calcium  in  the  blood. 
This,  however,  is  probably  not  the  case,  since  extensive  administra¬ 
tion  of  calcium  does  not  have  the  slightest  effect  in  relieving  the 
condition.  Indeed,  it  has  been  shown  that  in  this  mysterious 
hereditary  disease  the  corpuscles,  platelets,  fibrinogen,  and  calcium 
salts  are  normal  in  amount.  The  fault  in  the  blood  probably  lies 
in  a  deficiency  of  prothrombin,  due  to  a  qualitative  (not  quantitative) 
change  in  the  platelets  preventing  their  disintegration.  (See  p.  421.) 

Reaction. — Pfaimdler4  found  that  the'H  ion  concentration  of 
the  blood  in  premature  infants  is  higher  than  in  normal  infants, 
and  he  attributes  the  greater  susceptibility  of  premature  infants  to 
septic  diseases  to  this  fact,  inasmuch  as  it  has  been  shown  that 
diminished  H  concentration  of  the  blood  offers  greater  resistance 
to  microbic  invasion.  Ylppo  confirmed  Pfaundler’s  finding.5 
Behrend  showed  by  the  titration  method  that,  during  the  first  few 
days  of  life,  the  alkalinity  of  the  blood  is  only  70-80  per  cent,  that 
of  adult  blood,  but  that  it  increases  with  age. 

Colour. — During  the  first  few  days  the  blood  is  darker  in  colour 
than  at  any  subsequent  period.  (See  Chap.  XII.,  p.  164.) 

Number  and  Character  of  Corpuscles. 

Red. — (1)  The  average  number  of  red  cells  per  cubic  milli¬ 
metre  at  birth  is  comparatively  large.  (See  p.  167.) 

1  Amer.  fount.  Physiol.,  xxiv.,  1914. 

2  J our n.  of  Exper.  Med.,  xv.,  1912. 

:i  Whipple,  Arch.  Int.  Med.,  ix.,  1912,  and  xii.,  1913. 

4  Arch.  f.  Kinderheilk,  1903. 

5  Zeitschr,  f  Kinderheilk,  14,  1911. 
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The  following  values  are  given  by  Gundobin  : — 


Age. 

Number  of  Red  Corpuscles. 

Average. 

Maximum. 

Minimum. 

0-6  months 

6-12  „ 

1-14  years 

Adult 

5,500,000 

5,600,000 

5,890,000 

5,000,000 

6,100,000 

6,100,000 

6,200,000 

5,500,000 

4,900,000 

5,100,000 

5,000,000 

4,500,000 

From  this  it  is  seen  that  the  blood  during  childhood  contains 
a  larger  number  of  red  corpuscles  per  cubic  millimetre  than  that  of 
the  adult.  Gundobin  is  of  opinion  that  a  count  of  less  than 
5  millions  is  a  sign  of  feeble  development  in  a  child,  whilst  one 
of  less  than  4J  millions  is  a  sign  of  anaemia.  The  researches  of 
Andral,  Gavaret,  and  Delaufond  have  established  a  similar  relation¬ 
ship  between  the  red  corpuscular  content  and  strength  of  develop¬ 
ment  in  animals. 

(2)  The  following  characters  of  the  red  cells  are  given  by 
Gundobin  : — 

(a)  The  size  at  birth  varies  between  3*25  and  10 '25  /a,  the 
largest  are  larger,  and  the  smallest  are  smaller  than  in  the  adult. 
This  inequality  in  size  is  due  to  the  high  speed  at  which  they  are 
u  minted.” 

(J?)  The  infant’s  red  cells  absorb  liquids  more  rapidly,  and 
change  their  shape  sooner  under  the  influence  of  water  or  reagents. 

(c)  The  haemoglobin  is  not  so  firmly  held  as  in  the  adult. 

(d)  The  red  cells  contain  more  stroma. 

(1 e )  They  are  more  vulnerable  than  in  the  adult. 

(/)  Many  of  them  are  nucleated  during  the  first  few  days  of 
post-natal  life. 

Haemoglobin. — The  following  table  is  given  by  E.  Schiff : — 


Age. 

Per  Cent.  Haemoglobin. 
(Adult  =100.) 

Age. 

Per  Cent.  Haemoglobin. 
(Adult  =  100.) 

1  day 

2  days  - 

3  „ 

4  „ 

3  „ 

104-6-144-0 

104-2-135-0 

100-1-135-0 

96-5-130-2 

94-0-132-3 

6  days  - 

7  „ 

8  „ 

9  „ 

10  „  - 

94-5-127-7 

93-5-120-8 

97-7  118-1 

96-3-1 181 
96-0-119-6 
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The  result  of  various  investigations  by  Hock  and  Schlosinger, 
Widowitz,  Carstanjen,  and  others  show  that : — 

1.  The  blood  at  birth  has  a  high  haemoglobin  content,  which  is 
due  not  only  to  the  excess  of  red  corpuscles,  but  to  the  richness  of 
each  corpuscle  in  haemoglobin. 

2.  The  high  haemoglobin  content  (which  is  on  the  average 
110  per  cent,  at  birth)  sinks  rapidly  to  its  minimum  (about  55  per 
cent.)  in  the  first  three  weeks  of  life. 

3.  It  then  rises  again  till  it  reaches  70  per  cent,  at  six  months. 

4.  It  remains  at  this  level  till  the  age  of  two  years,  when  it  again 
rises  gradually  until  it  reaches  the  adult  level  at  six  years. 

5.  According  to  Karnitzki  the  total  amount  of  haemoglobin 
remains  constant  during  infancy,  and  equals  12*7  gm.  in  each 
100  gm.  of  blood  (at  5,583,000  per  cub.  mm.).  This  figure  gives 

a  “haemoglobin  worth”  of  — —  =  0-00000227  gm.  per 

corpuscle.  During  childhood  the  haemoglobin  worth  is  0*00000229, 
i.e.,  each  corpuscle  contains  more  haemoglobin. 

6.  Various  factors  have  an  influence  on  the  haemoglobin 
content  of  the  blood  of  normal  children.  These  are  :  race,  state  of 
nutrition,  time  of  day,  etc. 

The  Leucocytes. — At  birth  the  blood  contains  more  leucocytes 
than  at  any  other  time,  so  that  one  can  with  justice  speak  of  a 
leucocytosis  of  birth. 

Thus  the  following  results  were  found  by  Scipiades  1 : — 

1st  day  .  19,268 

2nd  „  -  -  -  14,248 

3rd  „  -  -  -  10,234 

4th  „  -  -  -  -  9,104 

5th  „  -  -  -  8,893 

6th  -  -  -  -  9,450 

7th  „  -  -  -  10,564 

8th  „  -  -  -  11,000 

9th  „  -  -  -  10,535 

10th  „  -  -  -  9  180 

Karnitzki  2  gives  the  following  numbers  : — 

1- 2  years  -  -  -  11,400  (8,900-13,100) 

2- 3  „  -  -  -  9,450  (7,500-10,000) 

3- 4  „  -  -  -  8,900  (7,200-10,800) 

8-10  „  -  -  -  7,900 

12-14  „  -  -  -  7,590 

From  this  it  follows  that  the  blood-forming  organs  functionate 
more  energetically  during  early  childhood. 

1  Arch.  j.  Gyniik.,  70,  1903. 

2  Loc.  cit. 
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Varieties  of  the  Leucocytes  and  their  Percentages  (Figs.  92-95). 

The  leucocytosis  at  birth  is  a  polymorpho-nuclear  one.  This 
polymorpho-nuclear  leucocytosis  declines  rapidly  during  the  first 
week  of  life,  so  that  the  total  number  of  these  cells  falls  to  about 
one-third  of  what  it  was  at  birth.  Their  number  then  gradually 
falls  until  the  sixth  month,  when  it  reaches  its  minimum.  It  then 
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Fig.  92. — Chart  showing  the  Percentages  of  the  various  Leucocytes 
from  birth  to  six  years  of  age.  (After  Carstanjen  and  Rotch.) 


begins  to  rise  until  the  sixth  year,  when  it  has  reached  the  adult 
level. 

The  lymphocytes ,  on  the  other  hand,  are  fewest  at  birth,  and 
rapidly  increase  during  the  first  week,  then  somewhat  more  slowly 
until  they  reach  their  maximum  at  six  months,  and  then  decline 
to  the  sixth  year,  when  they  reach  the  adult  level. 

The  large  mo7ionuclear  and  transitional  cells  change  very  little 
in  number. 

The  eosinophiles  are  found  in  early  infancy  in  larger  numbers 
than  in  adults. 
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Fig.  93. — Chart  showing  the  Percentages  of  the  various 
Leucocytes  from  birth  to  old  age.  (Hutchison’s  “  Lec¬ 
tures  on  Diseases  of  Children.”  Edward  Arnold.) 
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Fig.  94. — Chart  showing  the  Variations  in  the  Percentage 
of  PLemoglobin  and  Erythrocytes  from  birth  and  two 
years  of  age.  (Hutchison’s  “Lectures  on  Diseases  of 
Children.”  Edward  Arnold.) 


Children.”  Edward  Arnold.) 
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The  following  table  and  the  diagrams  (Figs.  92-95)  summarise 
what  has  been  said  regarding  the  percentages  of  the  various  cells 
at  various  ages  : — 


Age. 

Red. 

White. 

- 

Total. 

Lympho¬ 

cytes. 

Transi¬ 

tional. 

Neutro- 

phile. 

Eosino- 

phile. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

13  days  to  1  year 

5,500,000 

12,500 

58 

8 

31 

3 

1-2  years 

*• 

1,140 

54*5 

6-5 

34 

5 

2-3  „ 

9,450 

53 

7 

36 

4 

3-4  „ 

. 

620,000  J 

8,900 

48-5 

8*5 

36-5 

5 

4-6  „ 

500,000  S 

8,500 

43 

8 

46 

3 

8-10  „ 

7,900 

34 

7-5 

52-5 

6 

12-14  „  -J 

7,500 

30 

8 

60 

2 

Adult  (man)  - 

5,000,000 

8,509 

19 

6 

75 

T5 

,,  (woman) 

4,500,000 

7,000 

22 

10 

80 

T5 

To  know,  however,  the  differential  percentages  of  the  various 
kinds  of  leucocytes  in  the  blood  is  not  sufficient,  since  unless  one 
also  knows  the  absolute  number  of  these  cells  at  different  ages  one 
is  apt,  in  certain  pathological  conditions,  to  get  an  erroneous  idea 
of  the  true  state  of  affairs.  For  it  is  clear  that  if  a  specimen  of 
blood  contains  a  high  proportion  of  one  kind  of  cell  due  to  an 
absolute  increase  of  its  number,  it  will  make  all  other  cells  appear 
relatively  diminished,  although  their  absolute  numbers  may  be 
unaffected.  Hence  it  is  important  to  know  the  absolute  numbers 
of  the  various  kinds  of  leucocytes  in  the  blood  at  different 
ages.1  The  charts,  Figs.  92-95,  represent  these  numbers 
graphically. 

It  is  important  to  bear  in  mind  the  following  characteristics  of 
infant’s  blood  : — 

(1)  It  has  a  high  haemoglobin  content. 

(2)  It  is  rich  in  red  cells. 

(3)  It  is  rich  in  lymphocytes. 

So  that  a  high  lymphocyte  count  which  would  be  abnormal  in  an 
adult  is  normal  in  the  infant. 

1  See  Robert  Hutchison,  “The  Goulstonian  Lectures  on  some  Disorders  of 
the  Blood  and  Blood-Forming  Organs  in  Early  Life,”  Lancet ,  7th  and  14th  and 
21st  March  1904. 
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Leucocytosis. — Whilst  pathologically  an  increase  of  leucocytes 
may  occur  in  a  variety  of  conditions,  e.g.,  inflammation  of  all  kinds, 
blood  diseases  and  skin  diseases  (eosinophilia),  physiological 
leucocytosis  occurs  during  digestion.  Gundobin  has  shown  that 
one  to  three  hours  after  a  feed  the  blood  changes  in  an  infant  are 
at  a  minimum,  whilst  five  hours  after  a  feed  there  is  an  absolute 
as  well  as  relative  neutrophile  leucocytosis.  This  is,  however, 
only  the  case  in  infants  fed  on  cow’s  milk.  In  breast-fed  babies, 
on  the  other  hand,  there  is  a  poverty  of  leucocytes  (digestive 
leucopenia). 

Place  of  Origin  of  the  Blood  Cells. 

Red. — We  have  seen  that  in  pre-natal  life  red  cells  are  formed 
in  the  liver  and  spleen  and  bone-marrow.  By  the  time  birth 
takes  place  the  red  marrow  becomes  normally  the  sole  site  of 
formation  of  red  corpuscles,  except  when  there  is  an  increased 
demand  made  for  red  cells,  when  the  liver  and  spleen  again  take 
up  their  haemopoietic  functions. 

White. — According  to  Ehrlich,  the  granular  (/.<?.,  polymorpho- 
nuclears  and  eosinophiles)  are  derived  from  the  bone-marrow  and 
the  non-granular  lymphocytes,  and  transitional  are  formed  by  the 
adenoid  tissue,  such  as  the  tonsils,  lymph  glands,  and  spleen. 
The  most  recent  opinion,  however,  favours  the  view  that  all  blood 
cells  (whether  red  or  white,  or  whether  granular  or  non-granular) 
may  be  traced  back  to  the  one  common  parent  type,  which  is 
sometimes  called  a  lymphoid  cell  or  lymphoidocyte — a  cell  which 
is  identical  with  the  mononuclear  lymphocyte,  which  is  the  first  to 
appear  in  foetal  blood.  Wolff1  gives  the  following  scheme  for  the 
genesis  of  the  various  blood  corpuscles  : — 


Lymphoid  cell  or  Lymphoidocyte. 


Large  lymphocyte  Erythrocyte 
Small  lymphocyte 


Myelocyte 

(a)  Basophile 

(b)  Neutrophile. 


Polynuclear  leucocytes 
(a)  With  basophile 
granules. 

(h)  With  neutrophile 
granules. 

In  the  normal  state  of  affairs  differentiation  takes  place  on  the 
part  of  the  blood-forming  organs,  so  that  the  granular  cells  are 
produced  by  the  lymphoid  cells  of  the  bone-marrow  and  the  non- 
granular  cells  by  those  of  the  adenoid  tissue.  When,  however, 


1  Quoted  by  Hutchison,  loc.  cit. 
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in  pathological  conditions  an  excessive  demand  is  made  for  one 
particular  kind  of  cells,  the  lymphoid  tissue  in  the  organs  which 
generally  produce  the  other  type  may  take  on  a  vicarious  function 
and  produce  the  kind  of  cell  which  is  needed.  Thus  the  bone- 
marrow  may,  if  necessary,  produce  lymphocytes,  whilst  the  adenoid 
tissue  may,  when  occasion  arises,  give  rise  to  the  granular  white 
corpuscles. 

[The  lymphoidocyte  is  a  cell  of  very  great  significance,  clinically. 
The  discovery  of  this  cell  in  the  blood  of  a  patient  suffering  from 
a  blood  disease  renders  the  prognosis  practically  hopeless.  In  a 
child  two  and  a  half  years  old,  recently  under  my  care  with  acute 
leukaemia,  a  blood  count  gave  1 1  per  cent,  of  lymphoidocytes. 
This  pointed  to  a  very  quick  fatal  result,  and  indeed  the  child  died 
the  next  day.] 

The  great  lymphocytosis  of  infancy,  therefore,  indicates  a  greater 
activity  of  the  lymphoid,  or  adenoid  tissue,  at  this  time  of  life. 
This  accounts  for  the  exaggerated  development  of  this  form  of 
tissue  (tonsils,  thymus,  lymphatic  glands,  and  spleen)  in  early 
childhood,  especially  in  conditions  of  ill-health,  when  nutrition  is 
impaired,  and  an  extra  supply  of  lymphocytes  is  required  by  the 
blood  for  the  possible  purpose  of  absorption  of  fat.  The  common 
occurrence  of  lymphosarcoma  in  childhood  may  also  be  explained 
by  the  great  activity  of  the  adenoid  tissue  in  childhood. 

Platelets.—  Rebands 1  has  shown  that  at  birth  there  are 
95,000  per  cub.  mm.  (as  against  300,000  in  the  adult).  After 
the  first  week  their  number  becomes  350,000  to  400,000.  The 
platelets  which  are  derived  from  red  bone-marrow  probably  give 
rise  on  disintegration  to  prothrombin,  which  soon  gets  converted 
into  thrombin,  and  then  acts  upon  fibrinogen  to  convert  it  into 
fibrin  and  cause  clotting. 

Hcemat oblasts,  or  nucleated  red  cells,  which  we  have  seen  to  be 
normally  present  in  the  foetus,  may  be  present  during  the  first 
few  days  of  post-natal  life,  especially  in  premature  infants. 
Karintzki  found  them  even  at  the  age  of  seven  months. 

The  Chemistry  of  the  Child’s  Blood. 

The  solids  constitute,  during  the  first  ten  days  of  life,  2T4-27*7 
per  cent.;  the  ash,  0'79-T34  per  cent.;  and  the  protein,  1 7 *5- 
27 '4  per  cent.  On  the  first  day  the  solids  and  ash  are  present  in 
highest  quantities,  and  their  percentage  gradually  falls  till  the 
tenth  day. 

The  Non-Protein  Nitrogenous  Constituents. 

Under  this  heading  are  included  urea,  uric  acid,  and  creatinin. 
A  knowledge  of  the  total  non-protein  nitrogen  in  the  blood  is 

1  Quoted  by  Von  Reuss,  “  Die  Krankheiten  des  Neugeborenen,”  Berlin,  1914. 
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important,  inasmuch  as  it  has  been  recently  shown  that  the 
amount  of  such  nitrogen  constitutes  an  index  of  the  efficiency  of 
the  kidneys  in  removing  waste  nitrogenous  substances  circulating  in 
the  blood.  In  the  case  of  adults  the  total  non-protein  nitrogen 
varies  between  25  and  40  mg.  per  100  c.c.  of  blood.  When  the 
function  of  the  kidneys  is  impaired,  e.g.,  in  severe  chronic 
nephritis  with  ursemic  manifestations,  the  non-protein  nitrogen 
may  rise  to  as  much  as  300  or  even  more  mg.  per  100  c.c.  of 
blood.  Moreover,  it  has  been  shown  that  in  cases  of  nephritis  in 
which  the  non-protein  nitrogen  in  the  blood  is  more  than  60  mg. 
per  100  c.c.,  a  fatal  result  may  usually  be  expected. 

Leopold  and  Bernhard  1  investigated  the  amount  of  total  non¬ 
protein  nitrogen  in  fifty  children  free  from  any  renal  disease,  as 
well  as  the  amounts  of  each  of  the  various  non-protein  nitrogenous 
constituents.  They  found  the  following  results  : — 

1.  The  total  non-protein  nitrogen  varied  between  19  and 
40  mg.  per  100  c.c.  of  blood,  with  an  average  of  28  mg. 
(Adult  equals  25-40  mg.) 

2.  The  urea  nitrogen  varied  between  8  and  21  mg.,  with  an 
average  of  12  mg.  per  100  c.c.  of  blood.  (Adult  equals  12-20  mg.) 

3.  Uric  acid  varied  between  0*6  and  3*2  mg.,  with  an  average 
of  1*8  mg.  (Adult  equals  1-2  mg.) 

4.  The  creatinin  varied  between  0*5  and  4  mg.,  with  an  average 
of  1*5  mg.  (Adult  equals  1-2  mg.) 

They  also  investigated  the  same  in  fifteen  children  with  renal 
disease  and  found  that — 

5.  In  chronic  nephritis  the  non-protein  nitrogenous  constituents 
were  increased. 

In  other  words,  the  figures  for  non-protein  nitrogenous  con¬ 
stituents  of  the  blood,  both  in  health  and  disease,  are  the  same 
for  children  as  for  adults,  and  can  be  used  as  tests  for  diagnosis 
and  prognosis. 

Schultz  and  Pettibone  2  found  similar  results  to  hold  good  in 
new-born  infants. 

The  Protective  Substances  in  the  Serum. 

Moro  investigated  the  serum  of  infants  of  various  ages  obtained 
either  intra  vitam  by  venepuncture  or  post  mortem  from  the  heart. 
He  found  that  the  serum  of  breast-fed  babies  possessed  a  greater 
bactericidal  power  than  that  of  infants  artificially  fed.  Further, 
when  a  breast  baby  is  put  on  the  bottle  the  bactericidal  power 
of  its  serum  drops,  and  vice  versa.  (See  further,  Chap.  XII.,  p.  174.) 

The  Total  Quantity  of  Blood. — We  have  already  seen  3  that  this 

1  A  mer.  Journ.  Dis.  Child.,  2,  1916,  p.  432. 

2  Ibid. ,  10,  1915,  p.  206. 

3  See  Chap.  XII. 
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is  a  function  of  the  surface  of  the  body.  We  should,  therefore, 
expect  it  to  be  greater  in  infants  than  in  adults. 

The  Refractive  Index  of  the  Blood. — The  refractive  index  of  a 
solution  depends  upon  its  concentration.  This  fact  has  been 
utilised  as  a  means  of  determining  not  only  the  variation  in  the 
protein  concentration  of  the  blood,  but  also  to  estimate  the  relative 
amounts  of  serum  albumin  and  serum  globulin  present  in  it.1 


Fig.  96. — Chart  showing  the  Relation  between  the  Weight  and  Blood 
Refraction  Curves  in  a  new-born  infant.  (After  Rott.) 


During  exercise  the  refractive  index  of  the  blood  is  increased 
because  it  loses  water  to  the  tissues.  After  profuse  bleeding  the 
refractive  index  is  diminished  because  the  blood  takes  up  a  large 
amount  of  water  from  the  lymph.  In  the  case  of  the  new-born 
infant,  Rott  2  has  shown  that  the  refraction  curve  is  a  true  mirror 
image  of  the  weight  curve.  During  the  first  few  days,  in  conse¬ 
quence  of  the  loss  of  water  by  the  blood,  the  refraction  curve  rises, 

1  Rowe,  A.  H.,  Arch.  Inter.  Med.,  xix.,  1917,  354. 

2  Zeitschr.  f.  Kinderheilk ,  i.,  1910,  43. 
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whilst  the  weight  falls.  At  the  point  of  inflexion  in  the  weight 
curve  there  is  a  corresponding  point  of  inflexion  in  the  refraction 
curve,  and  lastly,  with  the  rise  of  the  weight  curve  the  refraction 
curve  falls  (see  Fig.  96).  When  the  weight  returns  to  the  original 
birth  weight  the  refractive  index  returns  to  its  initial  birth  value. 
Hence,  the  initial  loss  of  weight  is  in  part  due  to  loss  of  water 
by  the  infant’s  tissues,  with  consequent  absorption  of  water  by 
the  tissues  from  the  blood.  Rusz 1  finds  that  when,  after  the 
infant  has  reached  its  original  birth  weight,  it  begins  to  gain  in 
weight,  the  refraction  curve  rises  at  the  same  time,  because  with 
increase  in  age  the  percentage  of  water  in  the  body  gradually  falls. 
(See  Chap.  XXII.)  Refractometry  of  the  blood,  therefore,  affords 
a  very  neat,  simple,  and  useful  method  of  determining  water 
metabolism. 

The  Gases  in  the  Blood. 

The  following  table  gives  the  volumetric  percentages  of  gases 
in  arterial  and  venous  blood  : — 


100  c.c.  of 
Arterial  Blood 
Contains 

100  c.c.  of 
Venous  Blood 
Contains 

co0  - 
02  - 
N2,  etc. 

40  c.c. 

20  „ 

1-2  „ 

46  c.c. 

12 

x  -  J5 

1-2 

” 

Plesch 2  has  shown  that  a  determination  of  the  amount  of 
oxygen  in  pulmonary  venous  blood  affords  a  useful  method  of 
differential  diagnosis  in  cases  of  congenital  heart  disease.  A  high 
percentage  of  pulmonary  venous  oxygen  indicates  with  great 
certainty  a  communication  between  the  arterial  and  venous  streams, 
such  as  occurs  in  cases  of  patent  foramen  ovale  or  ductus  arteriosus, 
in  contradistinction  to  pulmonary  stenosis.  The  estimation  of 
oxygen  in  pulmonary  venous  blood  is  made  by  finding  the  O.,  and 
CO.,  tension  in  the  alveolar  air  in  the  manner  described  on  p.  303. 
Knowing  the  oxygen  tension,  the  percentage  oxygen  saturation  of 
the  pulmonary  venous  blood  can  be  found  from  the  oxygen 
dissociation  curve  (see  p.  172  and  Fig.  47). 

1  Monatsschr.  f  Kinderheilk ,  10,  1911,  360. 

2  “  Hamodynamische  Studien,”  Berlin,  1909. 
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THE  CIRCULATION 

“The  soul,  says  Holy  Writ,  is  in  the  blood  ;  as  a  matter  of  fact,  the  soul  is 
the  blood.  And  since  the  soul  is  in  the  blood,  one  should — if  one  wishes  to  learn 
how  the  soul  is  formed — endeavour  to  learn  how  the  blood  is  formed,  and  in  order 
to  learn  how  the  blood  is  formed,  it  is  necessary  to  ascertain  how  it  moves.” 

Servetus.1 

Physiological  Anatomy. 

(a)  Heart. 

1.  Position. — This  has  been  determined  in  living  children  by 
the  usual  clinical  methods  of  percussion,  palpation  of  the  apex 
beat,  and  X-rays.  On  the  cadaver  it  has  been  determined  by  means 
of  frozen  sections,  the  cutting  out  of  windows  in  the  chest  wall 
in  the  cardiac  region,  as  well  as  by  the  insertion  of  rows  of  needles 
along  the  borders  marked  out  by  percussion. 

The  Position  of  the  Apex. — Wassilewski  found  in  98  per  cent, 
of  cases  (out  of  a  total  of  1,820  children  examined)  that  the  apex 
beat  was  outside  the  nipple  line,  and  Gundobin,  as  well  as  Starck, 
found  it  in  between  50  per  cent,  and  75  per  cent,  of  cases  in  the 
intercostal  space.  Beecherle  found  in  “  very  small  ”  children  the 
apex  beat  to  be  1-2  cm.  outside  the  mid-clavicular  line.  As  age 
progresses,  the  heart  becomes  more  vertical.  At  the  age  of  seven 
years  the  apex  beat  is  at  the  nipple,  later  it  becomes  internal  to 
the  nipple  line.  All  authorities  agree  that  up  to  one  year  old  the 
apex  beat  is  outside  the  nipple  line ,  and  at  a  higher  level  than  in 
adults. 

The  higher  position  of  the  apex  beat  in  infancy  is,  according  to 
all  observers,  due  to  the  high  position  of  the  diaphragm,  which 
latter  is  also,  according  to  Wassilewski,  responsible  for  shifting  the 
apex  beat  out  and  giving  the  heart  a  more  horizontal  position. 
Gundobin  has  shown  that  so  long  as  the  antero-posterior  and 
transverse  diameters  of  the  thorax  are  equal,  the  apex  beat  lies 
outside  the  nipple  line.  This  is  the  case,  for  instance,  in  the 
new-born  where  the  respective  diameters  are  7*2  and  7 '7  cm. 
When  with  growth  the  transverse  diameter  becomes  2-2'5  cm. 
larger  than  the  antero-posterior  (at  two  years  old  the  diameters 

1  “  Restitution  of  Christianity  ”  (sixteenth  century). 
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are  12  and  14  cm.  respectively),  the  apex  beat  is  in  the  nipple 
line ;  when  the  difference  becomes  larger  still,  it  becomes  internal 
to  the  nipple  line. 

Jakubowsky  found  the  position  of  the  heart  to  vary,  not  with 
the  age  of  the  child,  but  with  the  circumference  of  the  chest. 
With  a  circumference  of  29-48  cm.,  the  apex  beat  was  in  the 
fourth  intercostal  space;  with  49-57  cm.  it  varied  between  the 
fourth  and  fifth  space;  with  58-66  cm.,  always  in  the  fifth  space. 
A  circumference  of  48  cm.  may  occur  in  an  infant  of  one  year 
old  as  well  as  in  a  child  three  years  old,  52  cm.  in  two  to  six  years’ 
old  children,  and  one  of  60  cm.  in  seven  to  eleven  years’  old 
children. 

As  the  nipple  line  L  not  at  a  fixed  distance  from  the  middle 
line  of  the  body  the  scientific  way  of  defining  the  position  of  the 
apex  beat  is  in  relation  to  the  mid-clavicular  line,  or  still  better 
with  respect  to  its  distance  from  the  mid-sternal  line.  The 
following  are  the  results  : — 


Chest  Circumference. 


Position  of  Apex  Beat. 


45-47  cm 
51-53  „ 
55-58  „ 


5- 6  cm.  from  mid-sternum. 

6- 6*5  cm. 


6-5-7  „ 


The  position  of  the  heart  in  infancy  is  important,  for  the 
following  reasons  : — 

1.  Physicians,  unaware  of  this  peculiarity,  might  diagnose 
hypertrophy  or  dilatation  of  the  heart  when  none  is  present. 

2.  The  peculiar  position  of  the  heart  alters  the  character  of  the 
electro-cardiogram  (see  pp.  445  and  446). 

Reyer* 1 2  studied,  by  means  of  X-rays,  the  exact  dimensions  and 
position  of  the  heart  in  children  varying  in  ages  between  9£ 
months  and  13§  years.  He  found  that  the  increase  in  size  of  the 
heart  varies  not  with  the  age  but  with  the  weight  of  the  child. 
He  gives  the  measurements  AB,  CD,  EF,  and  GH,  as  well  as  the 
angle  a,  for  various  ages  and  weights  of  the  children  examined. 


Thus  : 


At  9i  months 
„  1  year  - 
,,  13  years 


1  fahrb.f.  Kinder heilk,  1906. 
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Fig.  97. — X-ray  Tracing  of  the  Heart. 

AB  =  Distance  of  point  of  junction  of  the  upper  and  left  border 
from  the  heart’s  axis. 

CD  =  Distance  of  point  of  junction  and  the  lower  and  right  border 
from  the  heart’s  axis. 

E  F  and  G  FI  =  Greatest  distance  of  right  and  left  borders  respec¬ 
tively  from  the  middle  line  of  the  body. 

E  F  and  GH  =  Width  of  heart. 

AB  and  C  D  =  Transverse  diameter  and  a  =  angle  of  inclination 
of  the  axis  with  the  horizontal. 


c 

The  Dimensions  of  the  Heart. — Falk1 
table  : — 


gives  the  following 


Age. 

Length. 

Breadth. 

Thickness. 

Boys. 

Girls. 

Boys. 

Girls. 

Boys. 

Girls. 

1-4  years 

5-14 

5-1 

6-09 

5*84 

2-44 

2-28 

5-9  „ 

7-04 

6-0 

7-44 

6*54 

2-89 

2-55 

10-15  „ 

7-67 

6*63 

8*35 

7-04 

3T6 

2*8 

From  his  researches  he  concluded  that — 

1.  The  dimensions  of  the  heart  increase  more  rapidly  during 
the  second  than  during  the  third  quinquennium. 

2.  The  female  heart  is  smaller  than  the  male. 

3.  The  increase  during  the  first  year  is  considerably  greater 
than  during  any  subsequent  year. 

4.  Its  growth  in  length  is  greater  than  its  growth  in  width 


1  Dissert.,  St  Petersburg,  1901. 
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Thus,  while  at  birth  the  relation  between  length  and  breadth  is 
1  :  L3  that  at  the  age  of  15  years  is  1  :  P06. 

5.  The  length  doubles  itself  at  the  age  of  6  years  both  in  boys 
and  in  girls ;  the  breadth  doubles  itself  in  boys  at  the  age  of 
9  years,  and  in  girls  at  the  age  of  11  ;  and  the  thickness  doubles 
itself  at  13  years  in  boys,  and  at  10  years  in  girls.  Thus: — 


Age. 

Length. 

Breadth. 

Thickness. 

Boys. 

Girls. 

Boys. 

Girls. 

Boys. 

Girls. 

Birth 

3T 

2-95 

4 

3-85 

1-85 

L7 

6  years  - 

6*51 

5-87 

7-31 

6-4 

3-56 

3-4 

9  „  -  - 

7-22 

6-17 

7-94 

7 '47 

3-28 

3T3 

10  „  -  - 

7-3 

6-2 

8-2 

7T5 

3-4 

3-55 

H  „ 

7-65 

6-75 

8T 

7-25 

3-65 

3-5 

13  „  -  - 

7-5 

7-0 

8-2 

8T 

3-6 

3*7 

The  Circumference  of  the  Heart. — This  increases  rapidly  during 
the  first  year,  then  slowly  up  to  the  age  of  13  years,  and  between 
13  and  17  years  it  again  increases  rapidly. 

The  increase  in  circumference  is  about  the  same  for  each 
ventricle,  and  the  right  ventricle  has  at  all  ages  a  larger  circum¬ 
ference  than  the  left,  the  difference  being  about  1-2  cm.  up  to  the 
age  of  7,  and  2-3  cm.  after  that  age.  The  doubling  of  the  total 
circumference  occurs  at  about  15  years.  The  length  of  the  cir¬ 
cumference  at  birth  is  about  9  cm. 

Riliet  and  Barthez1  measured  the  circumference  of  the  heart 
in  193  cadavera  of  various  ages,  and  came  to  the  following  con¬ 
clusions  : — 

1.  The  increase  in  the  circumference  with  age  is  not  pro¬ 
portional  to  the  increase  of  the  heart’s  weight  and  other  dimensions. 

2.  In  spite  of  the  heart’s  increase  in  weight,  the  increase 
in  circumference  during  the  first  five  years  is  not  much,  showing 
that  the  increased  weight  is  due  to  the  increased  bulkiness  and 
strength  of  the  cardiac  muscle.  Between  five  years  and  puberty 
the  circumference  gradually  increases,  the  cavities  of  the  heart 
increasing  at  the  same  time. 

3.  The  circumference  at  the  base  is  twice  the  distance  between 
the  apex  and  base. 

Thickness  of  Ventricular  Walls.  —  Falk  found  that  the  left 
ventricle  gradually  increases  up  to  the  age  of  14  years,  when 

1  Quoted  by  Hochsinger  in  Pfaundler  and  Schlossman’s  “Diseases  of 
Children,”  vol.  iii. 
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it  attains  its  maximum  thickness  of  1  cm.  The  right  ventricle,  on 
the  other  hand,  increases  from  birth  up  to  15  years  by  only 
04  cm.  Its  thickness  at  birth  is  0’2  cm. 

The  Size  of  the  Auriculo-  Ventricular  Openings : — 


Left. 

Right. 

At  birth 
,,  1  year  - 
„  10  years 

»  16  „ 

3*3  cm. 

5- 3  „ 

6- 85  „ 

8-8  „ 

4-05  cm. 

6-2  „ 

7-9  „ 

10-2  „ 

Volume  of  the  Heart. 

At  birth  -  -  23  c.c. 

At  7  years  -  -  -  100  ,, 

At  15  „  -  -  140  „ 

The  Weight  of  the  Heart. — The  infant’s  heart  is,  in  proportion 
to  the  body  weight,  heavier  than  the  adult’s,  the  proportions  being 
0*89  per  cent,  and  0-52  per  cent,  respectively.’  Thus,  while  the 
body  increases  to  about  twenty  times  its  birth  weight,  the  heart 
increases  to  only  fifteen  times  its  weight  at  birth.  The  relative 
weights  of  the  left  and  right  ventricles  are  1*3  :  1  as  compared  with 
2 ‘62  :  1  in  the  adult. 

The  area  of  cross-section  (in  sq.  mm.)  of  the  cardiac  muscle 

is  given  by  Goldenberg  in  the  following  table  1  : — 


Age. 

Middle  Papil¬ 
lary  Muscle 
of  Bicuspid 
Valve. 

Wall  of  Left 
Ventricle. 

Antero-Lateral 
Papillary 
Muscle  of  Tri¬ 
cuspid  Valve. 

Wall  of 
Right 
Ventricle. 

0-24  days 

3J  years  - 
Adults 

0-0068 

0-0130 

00175 

0-0054 

0-0097 

0-0129 

0  0064 
0-0076 
0-0135 

0-0051 

0  0079 
0-0111 

The  Peculiarities  of  the  Structure  of  the  Infant’s  Heart  Muscle 
and  its  Nerve  Ganglia.2 

1.  The  muscle  bundles  are  finer  and  more  closely  packed 
together.  They  are  one-fifth  as  long  as  in  the  adult. 

2.  The  connective  tissue  fibres  between  the  bundles  are  of  fine 
fibrillar  structure,  and  contain  no  fat  cells. 

1  Virchoids  Arch.,  103,  1880. 

2  Nitzkewitch,  Dissert.,  St  Petersburg,  1901. 
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3.  The  muscle  cells  are  somewhat  shorter,  and  distinctly 
thinner  at  birth  than  in  the  adult. 

4.  The  nuclei  of  the  muscle  cells,  instead  of  being  spindle- 
shaped,  as  they  are  in  adults,  are  oval,  and  sometimes  even  round 
in  the  foetus,  more  oblong  in  the  infant,  and  become  more  and 
more  elongated  as  the  child  grows. 

5.  In  contradistinction  to  the  adult  heart  muscle  cell,  there  may 
sometimes  be  found  two  nuclei  in  one  cell. 

6.  The  auriculo-ventricular  valves  contain  no  elastic  tissue,  and 
hence  the  greater  liability  of  children  to  rheumatic  endocarditis. 

7.  The  automatic  nerve  ganglia  are  smaller  than  in  the  adult. 
The  capsule  of  the  ganglion  is  thin,  and  its  fibrillary  structure  is 
less  pronounced  than  it  is  in  the  adult.  The  nerve  cells  are  round, 
oval,  or  pear-shaped,  and  show  well-marked  Nissl’s  granules. 
Occasionally  one  comes  across  cells  with  two  nuclei,  and  not 
infrequently  the  nucleus  contains  two  nucleoli. 

8.  Pericardial  fat  is  absent  at  birth,  is  scanty  during  childhood, 
and  only  develops  in  large  amount  after  puberty  (Muller). 

(b)  The  Peculiarities  of  the  Blood  Vessels. 

Structure. — This  has  been  investigated  by  Dobrowolski,1  who 
examined  the  aorta,  pulmonary,  brachial,  femoral,  and  basilar 
arteries  in  thirty  cadavera,  ranging  in  age  from  five  months  (foetal) 
up  to  twenty-five  years.  He  found  that  the  post-natal  growth  of 
the  large  arteries  is  characterised  by  the  progressive  increase  in 
number  and  thickness  of  the  elastic  fibres,  cell  nuclei,  and 
connective  tissue.  The  same  applies  to  the  muscle  fibres.  The 
various  coats  of  the  arteries  gradually  increase  in  thickness  with 
growth.  The  femoral  artery  in  the  foetus  is  less  well  developed  in 
regard  to  amount  of  elastic  tissue  and  thickness  of  its  wall  than 
the  brachial  artery,  but  after  birth  the  femoral  grows  more  rapidly, 
and  the  relationship  is  reversed. 

The  Lumen  of  the  Arteries  and  Veins. 

The  common  carotid,  subclavian,  and  vertebral  arteries  have  a 
relatively  larger  lumen  in  infancy,  whilst  the  lumen  of  the  common 
iliac  is  relatively  smaller  in  children  than  in  adults. 

The  veins  have  lumina  of  the  same  size  as  the  arteries  in 
infancy,2  whilst  in  the  adult  the  lumina  of  the  veins  are  twice  as 
large  as  those  of  the  arteries.  The  infant’s  veins  have  greater 
resisting  walls  than  those  of  the  adult.  As  regards  the  increase  in 
size  of  the  lumina  of  the  big  arteries  with  growth,  Beneke’s 
investigations  have  revealed  the  following  facts  : — 

1  Dissert.,  St  Petersburg,  1902. 

2  Allix,  “  Etude  sur  la  physiologie  de  la  premiere  enfance,”  Paris,  1867. 
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The  sectional  area  of  the  aorta  at  puberty  is  nine  times  that  at 
birth  (the  circumference  increasing  three  times),  although  the 
volume  of  the  heart  increases  to  twelve  times  its  size  at  birth. 
Thus,  in  early  infancy  : — 


Volume  of  heart  25 
Circumference  of  aorta- 20 

1 40 

At  Duberty  this  ratio  becomes  — — 

50 

200 
6 


At  full  maturity 


n 


55 


1- 25. 

2- 8. 
3-3. 


These  facts  lead  us  to  expect  the  following  peculiarities  of  the 
infant’s  circulation  : — 

1.  As  the  sectional  area  of  the  aorta  and  other  arteries  is 
relatively  large,  therefore  the  blood  pressure  should  be  small. 

2.  For  the  same  reason  the  heart  pumps  a  larger  quantity  of 
blood  into  the  arteries  in  a  shorter  time  than  in  an  adult,  and, 
therefore,  the  infant’s  circulation  should  be  more  rapid. 

3.  The  pulse  should  be  more  rapid. 

Beneke  1  gives  the  following  table  : — 


Age. 

Length  in  cm. 

Vol.  of  Heart 
in  c.c. 

Circumference 
of  Aorta  in  m. 

Birth  - 

49-52 

20-25 

20 

1  year 

68-72 

40-45 

32 

3  years 

88-90 

56-62 

36 

7  „  -  - 

112 

86-94 

43 

13-14  years- 

140-150 

120-140 

50 

Adult 

167-175 

260-310 

68 

Calculated  per  100  cm.  body  length,  the  values  are  as  follows: — 


Age. 

Vol.  of  Heart. 

Circumference 
of  Aorta. 

Birth  - 

40-50 

40 

1  year 

46-54 

45 

3  years 

63-70 

43 

7  „  -  - 

75-80 

39 

13-14  years 

83-100 

38 

Adult 

150-180 

40 

1  Quoted  by  Selter,  “  Handbuch  der  deutschen  Schulhygiene,”  Dresden  and 
Leipzig,  1914,  p.  367. 
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From  this  table  we  see  that  for  equal  body  length  an  adult 
possesses  a  mass  of  heart  muscle  equal  to  three  or  four  times  that 
of  an  infant  at  birth,  and  double  that  of  a  thirteen  to  fourteen 
years’  old  child. 


The  Mechanics  of  the  Circulation. 

The  Peculiarities  of  the  Pulse  in  Infancy  and  Childhood. 


(a)  Frequency 

Age- 

Foetus  at  full  term 

1  minute  after  birth 

1st  day  - 

2nd  day  to  end  of  3  weeks 

2  months  to  2  years 

2-3  years  - 

5-8  „ 

8-12  „ 


Frequency. 

108-160 

72-94 

95-156 

146-164 

94-160 

92-120 

84-110 

75-84 


Factors  which  Influence  the  F?'eque?icy.—\.  Sex :  According  to 
Trousseau,  in  female  children  from  the  age  of  three  months 
upwards  the  pulse  is  more  frequent.  According  to  Vierordt,  the 
pulse  is  of  equal  frequency  in  the  two  sexes  up  to  the  age  of  five 
years.  Gundobin,  however,  is  of  opinion  that  sex  per  se  has  no 
influence  on  pulse  frequency.  It  is  only  the  size  of  the  child  that 
affects  it — the  bigger  the  child  the  slower  the  pulse — and  as  male 
children  are,  on  the  whole,  bigger  than  female,  the  male  pulse  is 
slower. 

2.  Relation  between  length  of  Child  and  Frequency  of  Pulse. — If 
L  =  length  of  subject  in  centimetres,  and  P  =  pulse  frequency,  then, 


according  to  Rameaux,  P  = 


167-5 

L 


(73  being  the  pulse  rate,  and 


167*5  being  the  length  in  centimetres  of  an  average  adult). 


Thus,  if  length  at  birth  =  50  cm.  (20  in.),  then  P  = 


167-5 

~5(L 


73  *73-35  =  73  x  L83=  133*6  (the  observed  frequency  =  134). 


It  is,  therefore,  to  some  extent  possible  to  calculate  the  height  of  a  person 
from  his  pulse.  Volkmann,  however,  gives  a  table  showing  that  individuals  of 
the  same  height  but  ot  different  ages  have  different  pulse  frequencies — the  rate 
being  more  rapid  in  the  younger  individuals,  showing  that  the  important  thing 
is  not  the  height  but  the  intensity  of  growth  and  metabolic  activity. 


The  following  table  gives  the  calculated  and  observed  pulse 
frequencies  at  various  ages,  from  birth  to  twenty-five  years. 
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Age. 

Length. 

Pulse  Frequency. 

Observed. 

Calculated. 

0 

50 

134 

133*6 

1 

69*8 

111*0 

113*1 

2 

79*6 

108 

103-7 

3 

86*7 

108 

103*7 

4 

93 

103 

98 

5 

98*6 

98 

95 

10 

128 

88 

83*5 

25 

167*5 

73 

73 

(b)  Character  of  Sphygmographic  Tracing  in  Infants 

1.  The  wave  is  well  marked. 

2.  The  height  of  the  wave  is  less  in  infants  because  the  force 
of  cardiac  contraction  is  feebler. 

3.  The  percussion  wave  is  missing  (monocrotism)  because  the 
arteries  are  so  very  elastic  and  the  pulse  frequency  is  so  great.  At 
the  age  of  fourteen  the  pulse  is  dicrotic,  and  is  of  the  same  character 
as  in  the  adult. 

4.  The  pulse  is  irregular,  both  in  time  as  well  as  in  the  quality 
of  its  waves. 

Velocity  of  Pulse  Wave. 

By  putting  one  tambour  to  the  apex  beat  and  another  to  any 
particular  artery,  and  attaching  these  tambours  by  means  of  tubes 
to  the  other  tambours  carrying  writers,  it  is  possible  to  record  on 
a  revolting  cylinder  the  time  taken  between  the  beat  of  the  heart 
and  the  appearance  of  the  wave  at  the  given  spot  in  the  artery. 
This  gives  the  velocity  of  the  pulse  wave.  Grummach  found  in  a 
boy  ten  years  old  and  133  cm.  tall,  who  had  a  pulse  rate  of  96,  the 
following  values  : — 

Time  between  apex  beat  and  radial  pulse  =0465  sec. 

,,  ,,  ,,  dorsalis  pedis  pulse  =  0*226  ,, 

,,  ,,  carotid  and  radial  pulse  =0*072  ,, 

,,  ,,  radial  and  dorsalis  pedis  pulse  =0*055  ,, 

,,  ,,  carotid  and  dorsalis  pedis  pulse  =0*120  ,, 

At  every  age  the  velocity  of  the  pulse  wave  is  greater  in  the 
direction  of  the  lower  extremities  than  in  that  of  the  upper,  thus  : — 
28* 
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Age. 

Direction  of  Upper  Extremity. 

Direction  of  Lower  Extremity. 

Time 
in  sec. 

Distance 
in  cm. 

Velocity 
in  Metres 
per  sec. 

Time 
in  sec. 

Distance 
in  cm. 

Velocity 
in  Metres 
per  sec. 

10  years 
Adult 

0*162 

0*165 

83 

60 

5,123 

3,636 

0*219 

0*226 

115 

124 

6,620 

5,486 

Circulation  Time . — Vierordt  has  shown  that  no  matter  what  the 
pulse  frequency  in  any  class  of  animals  may  be,  the  circulation  time 
equals  twenty-seven  heart  beats.  Applying  this  to  man  we  have  : — 
For  infants  at  birth  (pulse  =  134) — 


Circulation  time  = 


27_ 

134 


x  60  =  12  sec. 


For  a  child  three  years  old  (pulse  =  108) — 

27 

Circulation  time  =  A—  x  60  =  15  sec. 

108 


For  a  child  fourteen  years  (pulse  =  87) — 

27 

Circulation  time  =  -  x  60  =  18*6  sec. 

87 


For  adult  (pulse  =  72)- 


Circulation  time  =  74  x  60 


9V 
72 


99 


sec. 


The  Output  of  the  Heart. — By  this  is  meant  the  amount  of  blood 
discharged  by  each  ventricle  during  a  period  of  systole. 

This  can  be  calculated  in  the  following  manner  : — 

Since  the  tidal  air  (i.e.,  the  amount  of  air  taken  in  with  ordinary 
inspiration)  =  500  c.c.,  and  number  of  respirations  per  minute  =  14, 

.*.  total  air  inspired  per  minute  =  500  x  14  =  7,000  c.c. 

Since  every  100  c.c.  of  air  loses  5-0  c.c.  of  oxygen  in  the  lungs, 
which  are  taken  up  by  the  blood, 

7,000  c.c.  of  air  part  with  70  x  5*0  =  350  c.c.  of  oxygen. 

But  every  100  c.c.  of  blood  takes  up  8  c.c.  of  oxygen  from  the 
air  in  the  lungs. 

350  c.c.  of  oxygen  are  taken  up  by 

9  pm 

100  x  YL  =  4375  c.c.  of  blood. 

8 


But  pulse  frequency  =  72, 

.*.  output  of  right  (or  left)  ventricle  = 


4375 


=  60  c.c.  approximately. 
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This  figure  agrees  with  the  value  found  by  Krogh  by  means  of 
the  N20  method. 

Output  of  the  Infant's  Heart. — Applying  the  same  reasoning  to 
the  new-born  infant  we  have,  tidal  air  =  40  c.c.,  respiration  rate  =  40 
per  min. 


5'0 

Oxygen  taken  up  per  minute  =  40  x  40  x 


.  xn 


.*.  Amount  of  blood  passing  through  lungs  per  minute 


=  80  x 


100 

8 


1000  c.c.  approximately. 


Taking  the  pulse  rate  as  134  we  obtain  output 

infant’s  heart  =  =  7*5  c.c. 

1  o4 


We  thus  see  that  output  of  adult's  heart =  60  c.c. 

,,  ,,  infant's  ,,  =7*5  c.c. 

Muller 1  gives  the  following  values  for  older  children  : — 
Age  6-7  years,  output  =  36-05  c.c. 

„  8-9  „  37-60  „ 

„  10-11  „  40-79  „ 


Amount  of  Blood  Circulating  per  Minute  per  Unit  Body  Weight. 

Taking  the  weight  of  the  adult  body  as  70  kg.,  and  that  of  the 
new-born  infant  as  3*2  kg.,  we  get  the  following  results: — 

Amount  of  blood  circulating  per  minute  per  kilo  body  weight  is — 

In  adult  =  62  c.c. 

t  u  1000 

in  new-born  -  -  ^  =313  c.c., 

3-2 

i.e.,  at  birth  there  is  five  times  as  much  blood  circulating  per  unit  of 
time  and  unit  of  body  weight  as  in  the  adult.  The  proportion 
diminishes  with  the  growth  of  the  child. 

The  Work  of  the  Heart. — The  energy  given  out  by  the  heart  as 
each  systole  is  spent  (a)  in  driving  the  blood  against  the  arterial 
blood  pressure,  and  (h)  in  imparting  velocity  to  that  mass  of  blood. 

If  Q  =  output  of  one  ventricle  in  cubic  centimetres, 

R  =  average  arterial  pressure, 

V  =  velocity  of  blood  at  root  of  aorta  (107  cm.  per  sec.  in  the 
adult), 

M  =  mass  of  blood  in  grams, 
and  g=  acceleration  due  to  gravity, 
then  from  elementary  dynamics  we  obtain — 

MV2 

Work  of  the  heart  =  QR  -1-  — - — . 

1  Zeitschr.  f  Kinder heilk,  7,  1913. 
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Work  of  adult  left  ventricle  =  60  x  12  x  1 3*6  +  J  (107)'2. 

981 

(13*6  =  sp.  gr.  of  mercury) 

=  97 92  -f-  350  gm.-cm.  per  beat  =  97*92  +  3*5  gm. -metres  per  beat. 


From  this  it  is  seen  that  the  second  factor  is  small  in  comparison 
with  the  first,  and  can  be  neglected. 

.*.  Work  of  adult  left  heart  =  about  100  gm. -metres  per  beat,  and 
work  of  infant’s  left  heart  at  birth  =  75  x  6  x  13-6  =  6  gm. -metres  per 
beat. 


.*.  Daily  amount  of  work  done  by  the  left  heart  is  in  adult 
100  x  72  x  60  x  24  gm. -metres  =  10368  kg. -metres  ;  and  in  infant 
6  x  134  x  60  x  24  gm. -metres  =  1168  kg.-metres  ;  and  work  of  the 
whole  heart  =  f-  as  much  (the  work  of  the  right  ventricle  being 
about  §  that  of  the  left). 

Taking  the  absolute  weight  of  the  heart  in  the  adult  as  260  gm., 
and  that  in  the  new-born  as  24  gm.,  we  have  : — 

Daily  amount  of  work  done — 


By  1  gm.  of  adult’s  heart  muscle  =  °  =  65  kg.-metres  : 

260  x  3 

1 168  x  5 

by  1  gm.  of  new-born  infant’s  heart  muscle  =  — — — —  =  80  kg.-metres, 

24  x  3 


i.e.j  each  unit  weight  of  heart  muscle  does  approximately  the  same 
amount  of  work  in  the  adult  as  in  the  infant. 


Work  of  Heart  per  Unit  Body  Weight- 

10368  x5 


In  adult 


70x3 


=  246  kg.-metres. 


In  new-born  infant  =  ^  =  608  kg.-metres, 

3*2 


i.e.)  the  infant’s  heart  does  more  than  twice  as  much  work  per  unit 
body  weight  as  the  adult’s. 


Blood  Pressure. 

Zadek,1  in  1880,  was  the  first  to  investigate  blood  pressure  in 
children.  Many  observers  have  investigated  the  matter  since  then, 
amongst  whom  may  be  mentioned  Babayef-Babayan  (in  Russia), 
Gumprecht,  Eckert,  Kolossowa,  L.  Findlay,'2  Melvin,  and  Murray.3 
The  largest  number  of  investigations  has  been  carried  out  by 
Sladkof  4  in  1903  by  means  of  the  Gartner  apparatus.  He  examined 
600  children  from  one  day  to  fifteen  years  old.  The  following  are 
the  results  : — 

1  Dissert.,  Berlin,  1880. 

2  Quart.  J.  Med.,  iv.,  1910-11,  489.  3  B.M.f,  17th  April  1915. 

4  Dissert.,  St  Petersburg,  1903. 


THE  CIRCULATION 


437 


Age. 

Blood  Pressure 
tin  mm.  Hg. 

Boys. 

Girls. 

1  day  - 

60-6 

59 

2  days  - 

63-4 

62 

3  „  - 

68-7 

63 

4  „  -  - 

70 

67 

5  „  - 

74-7 

69-7 

6  „ 

78-7 

74 

7  ,,  - 

78-8 

78-7 

8  „  - 

80 

80 

U  „  - 

77-8 

78-4 

1  month 

8T3 

80*1 

3  months 

80*5 

78-6 

Adults,  120  mm.  Hg. 


Age. 

Blood  Pressure 
in  mm.  Hg. 

Boys. 

Girls. 

6  months 

82-6 

82*5 

1  year  - 

82-7 

82*5 

3  years  - 

89 

83*5 

5  „  - 

84 

82*5 

7  „  -  - 

84-5 

83*5 

9  „ 

95-9 

90*5 

10  „  -  - 

86-5 

93 

11  „  -  - 

90-9 

102 

U  „  - 

104-8 

103 

13  „  - 

108*8 

108*6 

15  „  -  - 

116 

118 

From  this  table  it  is  seen  that  the  blood  pressure  is  low  on  the 
first  day.  This  fact  affords  indirect  proof  of  Schultze’s  theory 
regarding  the  closure  of  the  foetal  circulation  (see  p.  286). 

As  regards  premature  infants,  the  blood  pressure  varies  with 
the  strength  of  the  infant.  Thus  a  2 J  months’  old  infant  of  1,600 
gm.  had  a  blood  pressure  of  67,  whilst  a  7-day  infant,  whose  weight 
was  2,320  gm.,  had  a  blood  pressure  of  73. 

The  table  also  shows  that  from  the  end  of  the  first  week 
onwards  the  pressure  rises  steadily. 

The  estimation  of  blood  pressure  in  early  childhood  is  not  easy,  for  the  following 
reasons  :  (a)  The  arm  is  too  small  for  the  application  of  the  sphygmometer  armlet ; 
(, b )  the  arteries  are  too  small  to  be  properly  palpated  ;  (<:)  tbe  child  often  cries  and 
struggles.  These  difficulties  are  obviated  by  using  a  narrow  cuff  (6-7  cm.),  and 
by  applying  it  to  the  thigh  (where  the  child  pays  less  attention  to  it  and  therefore 
struggles  less).  The  readings  are  recorded  by  the  auscultatory  instead  of  the 
palpatory  method. 

The  Pulse  Pressure ,  i. e. ,  the  difference  between  the  systolic  and 
diastolic  pressure,  is  insignificant  in  early  infancy.  At  eleven  years 
it  reaches  a  height  of  25  mm.  Ballard1  recommends  the  use  of 
the  sphygmomanometer  for  detecting  the  foetal  heart  beats  in 
infants  apparently  stillborn.  He  records  four  cases  in  wrhich  the 
radial  pulse  could  not  be  felt  nor  the  heart  beat  heard,  and  yet  in 
which  the  sphygmomanometer  showed  slight  brachial  pulsations. 

The  blood  pressure  is  slightly  higher  in  the  right  than  in  the 
left  arm.  The  time  of  day,  state  of  feeding,  movements,  and  nervous 
excitement,  sex,  height  and  weight,  influence  the  height  of  the 


1  Pres  se  medic  ale,  1913. 
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pressure.  Clinically,  it  is  found  that  the  pressure  is  raised  in  scarlet 
fever,  diphtheria,  nephritis,  meningitis,  and  mental  deficiency.  A 
sudden  fall  in  pressure  in  cases  of  infectious  disease  is  of  un¬ 
favourable  omen.  For  the  relation  between  pulse  pressure  and 
viscosity  of  blood  see  Chap.  XXIX. 

The  Mechanism  of  the  Heart  Beat. 

Mackenzie’s  polygraph  can  be  utilised  in  the  adult  to  study  the 
time  taken  between  the  contraction  of  the  auricles  and  that  of 
the  ventricles.  This  is  done  by  placing  one  tambour  in  contact 
with  the  jugular  vein,  and  another  with  the  radial  artery,  and 
measuring  the  interval  between  the  two  waves,  as  registered  on  the 
tracing  by  means  of  a  time  recorder.  From  this  one  has  to  deduct 
yo  sec.  for  the  sphygr?iic  period,  i.e.,  for  the  time  taken  by  the 
arterial  wave  to  reach  from  the  heart  to  the  wrist.  As  the 
respiratory  movements  have  a  profound  influence  on  the  venous 
(t.e.,  auricular)  waves,  it  is  necessary  for  the  person  examined  to 
hold  his  breath  for  some  time  during  the  examination.  The  poly¬ 
graph  cannot,  therefore,  be  easily  employed  in  young  children, 
because  we  cannot  get  them  to  hold  their  breath  at  the  proper 
time,  and  also  because  the  calibre  of  their  veins  is  very  small. 

In  spite  of  this,  measurements  have  been  taken  in  young 
children,  and  it  has  been  found  that  the  sphygmic  period  in  them 
is  i  to  yo  sec*>  e~>  less  than  in  the  adult,  because  of  the  shorter 
length  of  their  limbs.  On  account  of  the  difficulties  mentioned, 
the  electro-cardiograph  offers  a  much  easier  method  of  studying  the 
heart  mechanism  in  children. 

Electro-Cardiography. — We  have  already  seen  in  Chap.  XXV. 
that  when  a  muscle  contracts  electrical  energy  is  developed  in  it. 
The  contracted  part,  as  the  result  of  chemical  changes  taking  place 
within  it,  becomes  negative  electrically  to  the  uncontracted  part. 
If,  therefore,  we  connect  two  points  of  a  muscle  with  a  delicate 
galvanometer  by  means  of  non-polarisable  electrodes,  and  then 
stimulate  one  end  of  the  muscle  electrically,  the  wave  of  contraction 
reaching  the  nearest  electrode  will  render  that  part  of  the  muscle 
negative  to  the  uncontracted  part  under  the  farthest  electrode. 
The  galvanometer  needle  will,  therefore,  be  deflected  to  one  side — 
say  the  right.  When  the  wave  of  contraction  is  midway  between 
two  electrodes,  the  potential  at  each  electrode  will  be  the  same, 
and  the  needle  will  swing  back  to  zero.  When  the  wave  reaches 
the  farthest  electrode,  the  portion  of  muscle  subjacent  to  it 
becomes  negative  to  that  under  the  nearest  electrode,  and  the 
needle  will  swing  to  the  opposite  direction,  /.<?.,  to  the  left. 

The  most  sensitive  instrument  used  for  this  purpose  is  the 
string  galvanometer  (invented  by  Einthoven),  and  it  is  possible  to 
photograph  the  magnified  movements  of  the  string  on  a  moving 
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plate.  In  the  case  described  we  shall  get  a  curve  like  that  shown 
in  the  figure  (Fig.  98),  /.<?.,  a  diaphasic  variation. 

The  heart  behaves  in  the  same  way.  With  each  beat  there 
arise  differences  of  potential  between  the  different  parts  of  the 
organ,  and  as  the  tissues  of  the  body  are  conductors  of  electricity, 
and  as  the  heart  is  placed  obliquely  in  the  chest,  we  may  (as  has 
first  been  shown  by  Waller)  consider  the  right  shoulder  and  con¬ 
sequently  the  right  hand  as  being  electrically  continuous  with  the 
base,  and  the  left  leg  and  foot  with  the  apex.  The  left  hand  is  in 
electrical  continuity  with  a  portion  of  the  auricles. 

If,  therefore,  the  person  whose  heart  is  to  be  investigated  be 
connected  with  the  string  galvanometer  by  means  of  his  two  hands 


Fig.  98. — Diaphasic  Variation  (Bainbridge 
and  Menzies). 


and  left  foot  (placed  in  basins  of  salt  solution,  or  in  flannel  gloves 
and  stockings  soaked  in  saline,  which  are  electrically  connected  with 
the  galvanometer),  one  can  by  means  of  switches  allow  the  current 
from  the  heart  to  pass  between  the  two  hands  ( =  Lead  I.),  or 
between  the  right  hand  and  left  foot  (  =  Lead  II.),  or  between  the 
left  hand  and  left  foot  (=  Lead  III.)  (Fig.  99). 

In  Lead  I.,  or  the  transverse  lead,  we  may  consider  that  we  are 
leading  off  from  the  heart  from  two  extreme  points  on  the  base. 
By  means  of  Lead  II.,  or  the  axial  lead,  we  record  the  difference  of 
potential  between  the  base  and  the  apex.  Lead  III.,  or  left 
lateral  lead,  records  the  difference  of  potential  between  the  left 
auricle  and  the  apex.  The  record  of  the  swing  of  the  galvano¬ 
meter  string  on  the  moving  photographic  plate  is  called  an  electro¬ 
cardiogram. 
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Facts  Recorded  by  the  Electro-Cardiogram. 

1.  The  rate  at  which  the  heart  is  beating — by  counting  the 
number  of  complete  curves  per  minute  (as  recorded  by]  a  time 
marker). 

2.  Regularity  or  otherwise  of  beat. 

3.  The  sequence  in  which  the  contraction  wave  is  propagated 
along  the  different  parts  of  the  heart. 


Fig.  99. — Diagram  showing  the  main  connections  for  the  electro-cardiograph. 
The  heaviest  lines  (110-220  V)  mark  the  electric  light  connections;  the 
medium  lines  indicate  the  main  circuit  from  right  hand  (RH),  left  hand  (LH) 
or  left  foot  (LF)  of  the  patient  through  the  galvanometer,  showing  the  shunt 
through  the  rheostat  (RHEOST).  The  galvanometer  is  shown  between  the 
two  poles  of  the  MAGNET,  which  is  charged  by  the  storage  battery  circuit 
(10  V).  The  connections  for  the  compensating  current  are  shown  in  the 
darkly  shaded  area ;  those  for  the  standardising  current  are  shown  in  the  lightly 
shaded  area.  The  construction  of  the  photo  registration  apparatus  is  shown 
upon  the  right  of  the  figure.  (From  Iiirschfelder’s  “  Diseases  of  the  Heart.” 
Lippincott.) 

4.  The  amount  of  time  occupied  by  the  wave  in  travelling 
from  one  portion  of  the  heart  to  another. 

5.  The  duration  of  systole  and  diastole. 

6.  The  angle  which  the  heart’s  electrical  axis  makes  with  the 
vertical  or  horizontal. 

7.  Lastly,  we  can  learn  from  the  electro-cardiogram  many 
things  regarding  the  abnormal  heart. 
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Fig.  100  is  a  reproduction  of  a  normal  electro-cardiogram. 
The  fine  horizontal  lines  are  a  millimetre  apart,  while  the  vertical 
lines  mark  time  in  L  second.  The  electro-cardiograph  is  usually 
so  adjusted  that  a  difference  of  potential  of  yoVo  volt  causes 
a  movement  of  the  shadow  on  the  plate  of  1  cm. 

P  =  auricular  rise  at  filling  of  ventricles  =  pre-systole. 

Q  =  depression  following  P. 

R  =  first  ventricular  spike. 

S  =  depression  following  R. 

T  =  second  ventricular  rise. 

By  taking  in  animals  simul¬ 
taneously  with  the  electro-cardio¬ 
gram  intra-cardiac  pressure  curves 
(intra-auricular  and  intra-ventri- 
cular),  it  is  easy  to  ascertain  the 
exact  time  of  each  of  the  electro¬ 
cardiogram  spikes.  Such  records 
show  that  the  P  wave  commences 
just  before  the  auricular  contrac¬ 
tion  ;  the  Q  wave  just  before  the 
beginning  of  the  ventricular  con¬ 
traction  ;  the  R  wave  occurs  just 
before  and  during  the  early  part 
of  the  ventricular  systole,  and  represents  the  activity  of  the  papillary  muscles,  and 
the  T  wave  corresponds  to  the  beginning  of  the  relaxation  of  the  ventricle.  The 
P-Q  interval  represents  the  conduction  time  in  the  bundle  of  His. 

Origin  of  the  Heart  Beat. 

There  is  no  doubt  that  the  heart  muscle  of  vertebrates 
possesses  the  property  of  spontaneously  producing  and  conducting 
a  contraction  in  the  absence  of  nerves.  This  myogenic  theory  of 
the  heart  beat  we  owe  to  Gaskell,1  and  it  has  been  confirmed  by 
the  observation  of  Burrows  on  the  heart  of  the  embryonic  chick. 

Where  does  the  Impulse  Arise,  and  how  is  it  Conducted? 

In  1907  Keith  and  Flack,2  investigating  hearts  on  which  James 
Mackenzie  had  made  his  classical  polygraph  records,  discovered 
bundles  of  fibres  at  the  junction  of  the  superior  vena  cava  with 
the  right  auricle.  This  tissue,  which  is  known  as  the  sino-auricular 
or  S.A.  node,  represents  the  sinus  venosus  of  the  primitive 
heart.  Keith  and  Flack  believed  that  the  S.A.  node  was  the  centre 
at  which  the  heart  beat  commenced,  and  this  was  definitely  proved 
to  be  the  case  by  Thomas  Lewis  in  190L  He  took  a  series  of 
electro-cardiograms  with  the  electrodes  placed  on  various  points 
of  the  auricle,  and  he  found  that  the  S.A.  node  became  electrically 
negative  before  any  other  point,  showing  that  the  excitation  starts 
at  that  point.  Lewis,  therefore,  calls  it  the  “pace  maker”  of  the 
heart.  From  the  S.A.  node  the  excitation  wave  spreads  over  the 
auricles  in  every  direction,  following  the  main  muscle  bundles  at  a 

1  Phil.  Trans.,  1  882,  2  fourn.  Anat.  and  Physiol .,  41,  1907. 


Fig.  100.- — Normal  adult  electro-cardiogram 
(Bainbridge  and  Menzies). 
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uniform  speed  of  1,000  mm.  per  sec.  The  wave  reaches  the 
ventricle  after  a  period  of  from  0T2-0T7  sec.  (in  man);  most  of 
the  time  being  consumed  in  its  passage  through  the  band  of  fibres 
running  along  the  inter-ventricular  septum,  and  known  as  the 
bundle  of  Tawara.  The  wave  enters  the  ventricle  by  way  of 
the  auriculo-ventricular  (A.V.)  bundle  of  muscle  fibres  known  as 
the  bundle  of  His,  though  first  discovered  by  Stanley  Kent,1  and 
is  quickly  distributed  to  the  endocardial  fibres  at  a  speed  of 
4,000  mm.  per  sec. 

That  the  A.V.  bundle  conducts  the  impulse  from  the  auricles 
to  the  ventricles  was  proved  by  Kent  in  1893,  and  later  by  other 
observers  by  experimentally  injuring  the  bundle  in  excised 
mammalian  hearts,  when  the  ventricles  assumed  a  slower  inde¬ 
pendent  rhythm  or  stopped  altogether,  although  the  auricles 
continued  to  beat  at  the  same  rate  as  before.  Clinically,  it  is 
confirmed  by  the  condition  known  as  heart-block ,  due  to  disease 
of  the  A.V.  bundle.  The  wave  reaches  the  epicardial  surface 
of  the  ventricular  walls,  in  a  direction  at  right  angles  to  the  endo¬ 
cardial  surface  of  the  muscle  at  the  comparatively  slow  rate  of 
400  mm.  per  sec. 

Since  the  wave  reaches  all  points  on  the  endocardial  surface  at 
the  same  time,  it  is  obvious  that  the  time  of  its  appearance  on  the 
external  surface  will  depend  on  the  thickness  of  the  muscle  at  that 
point.  It  is  for  this  reason  that  the  Q  R  S  spikes  on  the  electro¬ 
cardiogram  are  so  much  modified  in  preponderance  of  one  or  other 
ventricle. 

Interpretation  of  an  Electro-Cardiogram. 

Supposing  the  heart  were  placed  vertically  instead  of  obliquely, 
then  since  both  arms  would  be  in  electrical  continuity  with 
symmetrical  points  on  the  auricles,  we  should  get  ho  R  spike  in 
Lead  I.,  because  there  would  be  no  difference  of  potential  between 
the  two  arms  when  the  ventricle  contracts.  Similarly,  the  R  spike 
in  Lead  II.  would  be  equal  in  height  to  the  R  spike  in  Lead  III., 
because  the  difference  of  potential  between  the  apex  and  base 
would  be  the  same  in  each  lead.  Similarly,  if  the  heart  were 
placed  quite  horizontally,  we  would  expect  R  to  be  absent  or 
negative  (i.e.,  a  big  S)  in  Lead  III.  and  tall  in  Lead  II. 

As,  however,  the  anatomical  (as  well  as  the  electrical)  axis  of 
the  heart  is  placed  obliquely  in  the  body,  we  get  different  heights 
of  the  R  spike  in  the  different  leads. 

Calculation  of  Angle  of  Inclination  of  the  Heart  in  the  Body. 

By  measuring  the  heights  of  the  R  spike  in  Leads  II.  and  III., 
it  is  possible  to  find  the  angle  of  the  inclination  of  the  heart. 

1  Journ.  Physiol. ,  14,  1893, 
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For  since  these  heights  are  proportional  to  the  differences  of 
potential  between  the  apex  and  the  left  and  right  ventricles 
respectively,  we  have  (like  in  a  bent  lever  to  which  unequal  weights 
are  suspended) — 


Tan  a  = 


Rii.  —  Riii. 
Rii.  +  Riii. 


(where  a  =  angle  of  inclination  of  heart  with  the  horizontal). 
Thus,  Waller  gives  the  following  example  : — 

Rii.  =0*8  cm.  (  =  0*8  millivolt), 

Riii.  =  0*2  „  (  =  0-2  „  ). 

Then  tan  a  =  ~ — -7  =  0-6, 

/  —I—  rs 


This  means  that  the  electrical  axis  of  the  heart  makes  an  angle 
with  the  horizontal  of  about  30°. 


Alteration  of  R  and  S  Spikes  in  Hypertrophy  of  One  or  Other 
Ventricle. 

If  one  or  other  ventricle  is  greatly  hypertrophied,  the  electrical 
axis  of  the  heart  will  be  shifted  to  the  hypertrophied  side,  giving 
R  and  S  waves  in  the  various  leads  corresponding  to  vertical  or 
horizontal  hearts,  according  as  the  left  or  right  ventricle  is 
hypertrophied. 

Peculiarities  of  the  Child’s  Electro-Cardiogram  (Figs.  101  and  102, 
also  Fig.  100). 

The  electro-cardiographic  examination  of  healthy  children  has 
been  carried  out  by  a  number  of  observers,  amongst  whom  may  be 
mentioned  Lewis,  Nicolai,  Heubner,  Funaro,  and  Krumbhaar,  but 
the  most  thorough  and  comprehensive  investigation  has  been 
made  by  Adolf  Hecht.1  He  examined  70  healthy  children, 
consisting  of  26  new-born  infants,  11  nurslings  under  one  year  old, 

3  infants  under  six  months  old,  who  have  been  born  prematurely, 

4  young  children  between  one  and  four  years,  and  26  older  children 
between  six  and  fourteen  years  of  age  (as  well  as  300  sick  children 
of  various  ages).  The  following  is  a  summary  of  his  results  : — 

1.  The  various  spikes  in  the  normal  electro-cardiogram  are 
smaller  in  the  nursling  than  in  older  children  and  adults.  This  is 
to  be  expected  from  the  smaller  mass  of  heart  muscle,  with  the 
consequent  smaller  differences  of  potential  between  its  different 
contracting  parts.  For  this  reason  the  adjustment  of  the  string 
galvanometer  was  such  that  a  difference  of  potential  of  ToVo  volt 
caused  movement  of  the  shadow  of  the  string  on  the  photographic 

1  Ergebnisse  der  Inner en  Medizin  und  Kinderheilkunde ,  11,  1913, 
pp.  324-441. 
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Fig.  101. — Electro-Cardiogram  of  a  new-born  Infant.  The  Heart  Sounds  are  also  shown. 


Fig.  102. — Electro-Cardiogram”and  Electro-Phonogram  of  a  Boy 

eleven  years  old. 
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plate  of  2  cm.  (instead  of  1  cm.,  which  is  the  usual  adjustment  for 
the  adult’s  heart). 

2.  R  and  S  Spikes. — The  S  wave  is  very  prominent  in  the  early 

months  of  life  in  Lead  I.  Thus,  at  birth  S  =  3R  (whilst  in  adults 
S  =  R). 

This  peculiarity  was  at  first  explained  to  be  due  to  the  more 
transverse  position  of  the  infant’s  heart,  but  Hecht  agrees  with 
Lewis  that  it  is  probably  due  to  preponderance  of .  the  right 
ventricle.  Lewis  finds  that  after  the  third  month  the  infant’s 
electro-cardiogram  becomes  indistinguishable  from  that  of  the 
adult. 

3.  The  P  Spike. — Hecht  finds  that  in  the  new-born  infant 
P  =  yq-R,  whilst  in  the  adult  P =  R.  In  older  children  P:R 
has  approximately  the  same  ratio  as  in  adults,  viz.,  P  =  ^  R. 

4.  Q  Wave. — This  is  more  frequently  present  in  III.  in  the 
new-born  than  in  older  children ;  it  is  never  found  in  I.,  and  only 
rarely  in  II.  Probably  also  due  to  right  ventricular  preponderance. 

5.  P-R  Interval ,  or  Pre- systolic  Interval. — Kent  has  shown 
that  this  interval  in  young  animals  is  shorter  than  in  adults,  and 
Hecht  finds  the  same  to  be  true  in  man. 


Thus  at  birth 


Nursling 
Young  children 
Puberty 


Adult 


=  OTO  sec. 
-040 
=  0T3 
=  0T4  „ 

=  042-17  sec. 


55 


55 


The  shorter  interval  in  young  infants  is  probably  due  to  in¬ 
complete  differentiation  of  the  A.V.  bundle. 

Duration  op  Systole  and  Diastole. — Hecht  gives  the  following 
table  : — 


Age. 

Duration  of  Systole 
(Whole  Cardiac  Cycle 
-100). 

At  birth 

54-5 

Nurslings  - 

62-2 

Young  children 

50-0 

Puberty 

51  ’5 

Adults  (Kraus  and  Nicolai) 

27-46 

The  period  of  diastole  (or  rest  of  the  heart)  is  therefore  longer  in 
adults. 
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Factors  which  Influence  the  Character  of  the  Electro- Cardiogram. — 
These  are  : — 

(1)  The  position  of  the  body. 

(2)  Respiratory  movements,  because  each  of  these  two 

factors  alters  the  position  of  the  heart,  as  can  be 
demonstrated  by  X-rays. 

(3)  Pathological,  e.g.,  pleural  effusions  (which  alter  the 

position  of  the  heart),  transposition  of  viscera,  the 
various  diseases  of  the  myocardium  and  valves. 

Sinus  Arrhythmia  or  “  Youthful  Heart  ”  of  Mackenzie. — Whilst 
there  is  no  irregularity  of  the  pulse  during  natural  breathing  in 
young  adults,  there  is  a  distinct  irregularity  produced  when  they 
take  a  deep  breath,  the  pulse  becoming  accelerated  during  deep 
inspiration,  and  retarded  during  deep  expiration.  In  young 
children  the  pulse  is  practically  always  irregular,  even  during 
ordinary  breathing.  If  in  the  dog,  in  which  this  irregularity  is 
pronounced,  the  vagus  be  divided,  the  irregularity  disappears.  If 
the  divided  vagus  is  stimulated  the  irregularity  reappears.  Hence 
we  infer  that  this  irregularity  has  its  origin  in  the  vagus.  .  The 
occurrence  of  such  irregularity  in  young  children  (called  the  sinus 
arrhythmia  of  children)  is  due  to  the  deficient  development  of 
vagal  control  (see  Chap.  XI.,  p.  160).  Lewis  has  detected  it  electro- 
cardiographically  in  infants  at  birth ;  Nicholson  has  found  it  in 
nurslings ;  and  Watson  Williams  has  demonstrated  it  in  healthy 
schoolboys ;  but  Krumbhaar  found  it  practically  absent  during  the 
first  year.  It  increases  in  frequency  from  the  sixth  to  the  twelfth 
year. 

As  this  phenomenon  is  of  vagal  origin,  we  should  expect  it  to 
be  most  marked  after  administration  of  digitalis  (which  is  a  vagus 
stimulant),  and  to  disappear  after  administration  of  atropine  (which 
paralyses  the  nerve  ending  of  the  vagus).  Both  these  results  have 
been  found  experimentally. 

Recent  work  suggests  that  the  right  vagus  exerts  its  influence 
on  the  S.A.  node  and  auricles,  and  the  left  vagus  acts  more  on  the 
A.V.  bundle  and  the  ventricles. 

The  average  difference  between  the  shortest  and  longest  pulse 
periods  at  various  ages,  measured  in  sec.,  is  shown  below : — 


At  birth  -  -  -  -  3*4 

Nursling  -  -  -  -  2*8 

Young  children  -  6*25 

Older  _____  8*4 


The  clinical  importance  of  sinus  arrhythmia,  which  is  physiological 
and  requires  no  treatment,  is  that  it  must  not  be  confused  with 
cardiac  irregularities  due  to  pathological  causes  (e.g.,  diseases  of 
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the  cardiac  muscle).  In  doubtful  cases  the  effect  of  atropine 
will  afford  a  useful  diagnostic  method.  If  the  diastolic  period 
becomes  so  long  as  to  produce  anaemia  of  the  brain,  fainting  may 
occur;  such  syncopal  attacks  are  not  uncommon  in  children. 

Electro-Cardiophonography  (Fig.  103). 

If  a  stethoscope  attached  to  the  chest  be  connected  to  a 
microphone,  and  the  vibrations  in  the  latter  be  communicated 
as  electrical  changes  by  means  of  a  transformer  to  a  string 
galvanometer,  the  sounds  of  the  heart  can  be  very  accurately 
recorded  on  the  same  photographic  plate  as  the  electro-cardiograph 
(Figs.  101  and  102).  In  this  way  one  can  conclusively  demonstrate 


Fig.  103. — Diagram  showing  the  Methods  of  recording  the 

Heart  Sounds. 


the  simultaneity  of  the  first  sound  with  the  ventricular  systole,  /.<?., 
closure  of  auriculo-ventricular  valves,  and  of  the  second  with 
the  commencement  of  ventricular  diastole,  /.<?.,  closure  of  the 
semi-lunar  valves.  The  time  relationship  of  murmurs,  as  well  as 
of  the  different  stages  of  systole,  can  also  be  seen  and  measured. 
According  to  Kan,1  the  first  sound  occurs  0‘028  sec.  after  the 
beginning  of  the  ventricular  spike,  and  the  second  sound  0*031 
sec.  after  the  end  of  the  T  wave.  The  records  also  show  that 
in  the  new-born  infant  the  amplitude  of  the  first  sound  is  greater 
not  only  at  the  apex  but  also  at  the  base,  whilst  in  older  children 
this  is  only  the  case  at  the  apex  and  tricuspid  areas. 

1  Quoted  by  Reuss,  “Die  Krankheiten  des  Neugeborenen/’  Berlin,  1914, 
p.  42. 
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THE  PHYSIOLOGY  OF  THE  ALIMENTARY 

TRACT 


“  The  grievous  question  rose  eternally, 

How  oft  one  ought  to  dine  diurnally, 

Which  pabulum  would  soothe  internally, 

Or  which  cause  colic  most  infernally.” 

E.  V.  Cooke  (“Chronicles  of  the  Little  Tot”). 


SECTION  I 

The  Digestion  in  the  Mouth 

Physiological  Anatomy  of  the  Child’s  Mouth. — In  virtue  of  the 
imperfect  development  of  the  alveolar  processes,  the  cavity  of  the 
mouth  in  the  new-born  infant  is  very  shallow.  The  hard  palate 
is  flat,  and  has  not  yet  the  concavity  characteristic  of  the  adult 
palate.  The  mouth  is  dry  owing  to  the  imperfect  action  of  the 
salivary  glands. 

The  Physiology  of  Sucking. 

The  Slicking  Apparatus. — The  infant’s  suction  apparatus  con¬ 
sists  of  the  tongue,  the  hard  and  soft  palates,  the  two  cheeks,  the 
uvula,  the  gums,  and  the  lips.  A  most  important  factor  is  the 
presence  within  each  cheek  of  a  pad  of  fat — the  so-called  suction 
cushion ,  which  is  of  the  size  of  a  hazel-nut  or  an  almond.  It  is 
2  cm.  long  and  1  cm.  thick,  and  its  physiological  importance  lies 
in  the  fact  that  it  serves  as  a  cushion  for  the  buccinator  muscles — 
preventing  the  indrawing  of  the  cheeks  during  the  act  of  sucking, 
which  might  hinder  the  process.  This  sucking  cushion  is  present 
even  in  very  emaciated  babies,  when  fat  has  disappeared  from  every 
other  part  of  the  body.  Its  persistence  under  such  conditions  is 
due  to  the  fact  that  it  is  composed  chiefly  of  palmitic  and  stearic 
acids,  which  are  absorbed  with  difficulty,  and  is  poor  in  the  easily 
absorbable  oleic  acid.  The  opposite  is  the  case  with  subcutaneous 
fat. 

The  Mechanism  of  Sucking. — The  manner  in  which  suction 
occurs  inside  the  infant’s  mouth  has  been  studied  by  a  number 
of  observers.  It  is  obvious  that  for  suction  to  occur  there  must 
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be  produced  a  negative  pressure  inside  the  oral  cavity,  but 
authorities  are  not  quite  in  agreement  as  to  the  manner  in  which 
this  negative  pressure  is  produced.  According  to  some,  e.g.,  Allix, 
Burdach,  Funke,  Hertz,  and  Meissner,  it  is  produced  by  the  action 
of  inspiration  which  draws  air  from  the  mouth  into  the  lungs, 
whilst  according  to  others,  like  Biedert  and  Vierordt,  the  negative 
pressure  is  created  by  the  enlargement  of  the  vertical  diameter  of 
the  oral  cavity  as  the  result  of  the  depression  of  the  lower  jaw. 
Auerbach,1  who  investigated  the  matter  thoroughly,  distinguishes 
two  different  kinds  of  suction,  viz.  : — 

(1)  Inspiratory  suction — chiefly  in  the  case  of  adults. 

(2)  Suction  as  the  result  of  depression  of  the  lower  jaw,  and 

contraction  of  the  tongue. 

The  second  method  is  employed  by  infants. 

Auerbach  believes  that  the  cheeks  play  a  purely  passive  part, 
and  their  indrawing  results  from  the  change  of  pressure  inside  the 
mouth.  Even  the  gutter  formation  of  the  tongue  (which  serves 
as  a  conduit  for  the  passage  of  the  milk)  he  believes  to  be  a 
passive  phenomenon.  The  nipple  is  grasped  and  compressed  by 
the  hermetically  closed  lips,  the  jaws,  and  the  tongue,  whilst  the 
naso-pharynx  is  shut  off  behind  by  the  uvula.  The  depression  of 
the  lower  jaw,  with  the  consequent  sinking  of  the  floor  of  the 
mouth  and  tongue,  increases  the  longitudinal  diameter  of  the  oral 
cavity  and  creates  a  diminished  intra-oral  pressure.  In  this  way  the 
milk  is  drawn  into  the  mouth  as  the  result  of  compression  of  the 
nipple  as  well  as  by  the  negative  pressure.  Basch2  found,  by  means 
of  a  special  dynamometer,  that  the  force  of  compression  by  the  jaws 
is  equal  to  100-300  gm.  during  the  first  few  weeks  of  life  and  to 
800  gm.  in  children  a  few  months  old.  He  further  determined  by 
means  of  a  manometer  the  suction  energy  of  the  child  and  the 
pressure  under  which  the  milk  flows  from  the  breast  of  the  mother, 
and  he  came  to  the  conclusion  that  without  the  compression  of  the 
nipple  by  the  lips  and  jaws  the  negative  pressure  alone  is  not 
sufficient  to  overcome  the  muscular  tone  of  the  nipple.  Cramer 
disagrees  with  that  opinion,  and  believes  that  the  aspiration  force 
alone  is  quite  capable  of  drawing  the  milk  from  the  breast.  The 
question  is  not  altogether  of  academic  interest.  It  has  some 
practical  importance ,  inasmuch  as  in  the  choice  of  a  wet  nurse  it  is 
desirable  that  the  pressure  required  to  draw  off  the  milk  from  the 
woman’s  breast  should  correspond  with  the  suction  energy  of  the 
infant. 

Average  Breast  Pressure. — Litinski,3  using  a  water  manometer, 

1  Du  Bois  Reymond’s  Arch.  f.  Physiol 59,  1888. 

2  Arch.  Gy  nab.,  1893. 

3  Dissert.,  St  Petersburg,  1902. 
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found  that  on  the  first  day  after  birth  the  average  pressure  inside 
the  mother’s  breast  is  1 18  cm.  H20  ;  on  the  second  day  it  is  66  cm. ; 
and  from  the  fifth  day  onwards  it  is  57  cm.  In  general,  the  breast 
pressure  increases  with  the  degree  of  parity  of  the  mother  as  well 
as  with  her  age.  The  semi-recumbent  position  is  the  one  in  which 
the  breast  pressure  is  lowest  and  is,  therefore,  the  most  favourable 
for  the  infant. 

Aspiration  or  Suction  Energy. — A  matter  of  far  greater  difficulty 
is  the  determination  of  the  suction  energy  of  the  infant.  Herz  and 
Basch  found  it  to  be  4-15  cm.  Hg.  Pfaundler,  who  used  a  Wulff’s 
bottle,  one  tube  of  which  was  connected  with  a  manometer  and  the 
other  with  the  baby’s  mouth,  gives  the  value  as  10-70  cm.  H.,0, 
and  Cramer  states  it  to  be  58-140  cm.  H.,0. 


Litinski,  like  Cramer,  allowed  babies  to  suck  a  nipple  attached 
to  a  manometer  tube,  which  was  moistened  with  milk.  His  results 
were  : — 

Age  of  Infant.  Suction  Energy. 

2-7  days  -  -  -  33-40  cm.  HR) 

Older  -  45-51  „  „ 

A  few  months  -  24-43  ,,  „ 

It  is  possible  that  older  children  suck  such  an  apparatus  with 
less  vigour  because  they  know  it  is  merely  a  substitute. 

Cramer  found  that  it  took  a  baby  five  minutes  to  empty  a 
bottle  containing  100  gm.  of  milk  under  a  pressure  of  5  cm., 
whilst  a  breast  baby  sucked  50  gm.  of  milk  in  thirty  minutes  under 
a  pressure  of  50  cm.  From  this  it  follows  that  the  work  done  by 
the  bottle  baby  =  5x5  =  25  units,  and  that  done  by  the  breast 
baby  =  30  x  50  =  1,500  units,  /.<?.,  the  breast  baby  expended  sixty 
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times  as  much  energy  in  sucking  50  gm.  as  the  bottle  baby  did  in 
drawing  100  gm.  of  milk.  Gundobin  found  the  relative  works  of 
a  bottle  and  breast  baby  to  be  1  :  1 1.  In  any  case,  the  observations 
show  that  a  bottle  baby  cannot  control  the  amount  of  milk  it  is 
getting,  and  is  therefore  often  taking  its  feed  too  quickly  and  too 


Fig.  105. — Curves  of  Suction  of  a  Healthy  Infant  aged  two  months. 
(Time  =  i  sec.)  (American  Journal  of  Diseases  of  Children.) 


Fig.  106. — Suction  Curves  of  Healthy  New-born  Infant. 
(Time  =  i  sec.)  (American  Journal  of  Diseases  of 
Children. ) 


Fig.  107.  —  Suction  Curve  of  Premature  Infant.  (Time  =  l  sec.) 
(American  Journal  of  Diseases  of  Children.) 


much  at  a  draw.  Moreover,  the  greater  suction  exercised  by  the 
breast  baby  has  two  further  advantages,  viz.  : — 

(1)  It  calls  forth  the  salivary  secretion. 

(2)  The  action  of  the  facial  muscles  helps  the  growth  of  the 

jaws.  (See  Chap.  XXIV.  for  the  action  of  muscles 
on  growth  of  bones.) 

The  Suction  Curves. — Michio  Kashara 1  investigated  the 
problem  of  suction  by  means  of  an  apparatus  shown  in  the  diagram 
(Fig.  104). 

He  examined  seventy-five  children  in  good  health  under 
1  Amer.  Journ.  Dis.  Child.,  12,  1916,  73. 
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artificial  feeding,  and  he  found  that  the  curves  registered  by  the 
infants  had  the  general  outline  shown  in  the  diagram. 

(a)  The  descending  part,  representing  the  negative  pressure, 
is  due  to  depression  of  the  lower  jaw,  with  consequent  vertical 
enlargement  of  the  oral  cavity. 

(b)  Small  elevation  due  to  pressure  on  the  nipple. 

(c)  The  ascending  part  (diminishing  the  negative  pressure  due 
to  the  running  down  of  the  milk  taken  into  the  mouth). 

(tf)  Small  notch  caused  by  swallowing. 

Ivashara  comes  to  the  following  conclusions  : — 

1.  The  suction  curves  made  by  the  infant  in  good  health 
are  always  regular,  and  never  discontinued  (Fig.  105). 

2.  The  time  ratio  between  sucking  and  swallowing  is  1:1, 
or  rarely  2:1. 

3.  Newly-born  infants  produce  discontinued  curves  (Fig.  106). 

4.  Premature  infants  make  very  irregular  curves  (Fig.  107). 

5.  The  presence  of  thrush,  nasal  catarrh,  etc.,  render  the 
suction  lines  irregular. 

6.  The  lines  become  irregular  when  the  temperature  of  the 
milk  is  below  20  c.c.,  or  above  40  c.c. 

7.  Imbecile  children  always  make  irregular  curves  because  of 
the  imperfect  co-ordination  of  the  sucking  muscles. 

Nervous  Mechanism  of  Sucking. — The  centre  regulating  the 
sucking  movements  is  situated  in  the  medulla.  The  sensory 
stimulus  is  transmitted  through  the  fifth  (trigeminal)  nerve,  and  the 
motor  impulses  are  conveyed  by  the  facial  (seventh),  hypoglossal 
(twelfth),  and  motor  branch  of  the  trigeminal  (fifth). 

The  Saliva. 


The  growth  of  the  salivary  glands  has  already  been  considered 
in  Chap.  XIII.  Berger1  gives  the  following  table  for  the  weights 
of  various  salivary  glands  at  different  ages  : — 


Age. 

Average  Body 
Weight  in  Gm. 

Average  Weight  of  Glands  in  Gm. 

Parotid. 

Both 

Submaxillary. 

Both 

Sublingual. 

Birth 

3,580 

1*80 

0-84 

0-42 

3  months 

3,600 

3T8 

T53 

0-84 

6  „ 

4,745 

4-5 

24  2 

L05 

2  years 

9,100 

8-6 

4-9 

2-0 

Adult  man 

65,000 

2  6*6 

13-23 

5-05 

,,  woman  - 

53,000 

28-8 

9-7 

4-68 

1  Dissert.,  St  Petersburg,  1N99. 
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Berger’s  observations  also  show  that  the  weight  of  the  glands  is 
greater  in  strong  well-developed  infants  than  in  weak  children. 
Moreover,  a  glance  at  the  table  will  show  that  the  relative  weights 
of  these  glands  remain  approximately  the  same  from  birth  to  adult 
age,  viz.,  4:2:  1,  except  in  the  case  of  adult  women. 

The  Histology  of  the  Infant’s  Salivary  Glands. 

1.  They  are  relatively  rich  in  connective  tissue  and  in  blood 
vessels. 

2.  The  dimensions  of  the  terminal  gland  alveoli  are  small. 

3.  The  alveoli  are  separated  from  one  another  by  means  of 
connective  tissue. 

4.  Mucous  cells  are  few  in  number. 

These  peculiarities  disappear  by  the  age  of  two  years,  when  it 
is  impossible  to  distinguish  microscopically  an  infant’s  salivary  gland 
from  that  of  an  adult. 

The  Function  of  the  Salivary  Glands  in  Children. 

In  Chap.  XIII.  it  has  already  been  shown  that  the  presence  of 
a  saccharifying  ferment  has  been  demonstrated  in  the  saliva,  not 
only  of  the  new-born  infant  but  even  in  that  of  seven  months’ 
foetuses.  But  although  the  power  of  converting  starch  into  sugar 
is  present  at  birth,  the  actual  amount  of  saliva  secreted  during  the 
first  week  of  life  is  very  slight.  After  the  sixth  week  the  amount 
increases  considerably,  and,  according  to  Korowin,1 2  it  is  possible  to 
collect 'as  much  as  1-1-J  c.c.  in  5-7  min.  from  a  child  four  months 
old.  These  observations  contradict  the  older  observations  to  the 
effect  that  either  new-born  infants  have  no  saliva,  or  that  their 
saliva  contains  no  ptyalin. 

ShawC  by  washing  out  the  stomach  of  babies  15-60  min. 
after  a  test  meal  of  barley  water,  was  able  to  demonstrate  the 
possibility  of  the  diastatic  action  of  the  saliva  to  continue  in  the 
stomach  for  as  long  as  two  hours  after  feeding. 

Role  Played  by  the  Saliva  in  the  Infant’s  Digestion. 

It  is  probable  that  the  saliva  helps  digestion  in  the  stomach  by 
coagulating  the  milk,3  but  Heubner  and  Castner  have  shown  that 
even  infants  a  few  weeks  old  can  digest  certain  forms  of  starch 
such  as  flour  soup.  Heubner  accordingly  recommends  the  addition 
of  a  little  starch  to  the  diet  of  babies  of  that  age. 

1  Loc.  cit.,  Chap.  XIII. 

2  Albany  Med.  Annals,  xxv. ,  1904,  143. 

3  Uffenheimer,  Ergebn.  d.  inneren.  Med.  u.  Kinderheilk ,  2,  1908,  271. 
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Factors  Influencing  the  Activity  of  an  Infant’s  Saliva. 

1.  Time  of  Day . — Finizio1  collected  saliva  from  infants  by  allow¬ 
ing  them  to  suck  plugs  of  cotton,  and  determined  its  amylolytic 
power.  He  found  it  to  be  greatest  at  midday. 

2.  Nature  of  Food. — Up  to  the  age  of  six  months  the  amylolytic 
power  of  the  saliva  was  the  same,  whether  the  food  contained 
starch  or  not,  but  after  that  age  the  saccharifying  power  of  the 
saliva  was  greater  if  the  food  contained  starch. 

3.  Age  of  the  Child. — As  is  to  be  expected,  the  starch-splitting 
capacity  of  the  saliva  increases  from  birth  onwards.  Finizio  found 
it  to  be  twice  as  great  at  ten  months  as  at  birth.  After  one  year, 
however,  there  does  not  seem  to  be  much  alteration,  and  at  three 
years  the  saliva  was  no  more  active  than  at  one  year. 

Reaction  of  Saliva. — Whilst  adult’s  saliva  is  always  alkaline, 
Allaria  found  it  to  be  acid  in  the  infant. 

Nervous  Mechanism  of  Salivary  Secretion. 

This  has  been  discussed  in  detail  in  Chap.  XIII.  It  has  there 
been  shown  that  the  small  amount  of  salivary  secretion  in  young 
infants  is  due  to  the  imperfect  development  of  the  cerebral  cortex. 
The  salivary  secretory  centre  becomes  fully  developed  at  about 
four  months,  at  the  same  time  as  certain  co-ordinating  motor  move¬ 
ments  become  established. 

Reflex  Secretion  of  Saliva  is,  however,  possible,  even  in  young 
infants,  as  is  seen  clinically  in  the  salivation  that  occurs  in  babies 
as  young  as  one  month  as  the  result  of  vagus  excitation  produced 
by  some  gastric  disturbance.  Similarly,  in  young  infants  suffering 
from  flatulence  or  other  intestinal  disturbances,  there  is  a  diminution 
in  the  secretion  of  saliva,  as  the  result  of  the  inhibitory  action  of 
the  intestine  upon  salivary  secretion. 

The  (Esophagus. 

The  length  of  the  oesophagus  at  birth  is  11-16  cm.;  at  two 
years,  20  cm.  ;  and  in  the  adult,  25-32  cm.  If  one  compares  its 
length  with  that  of  the  trunk,  it  is  found  to  be  0’53  :  1  in  the  new¬ 
born,  0T8  :  1  at  two  to  four  years,  and  0  27:1  at  fourteen  to 
twenty  (adult,  0*26  :  1). 

Shape. — -Instead  of  being  cylindrical,  as  in  the  adult,  it  is  funnel- 
shaped  in  the  infant,  with  its  broad  base  towards  the  stomach. 

Microscopic  Appearance. — The  mucous  membrane  is  delicate, 
and  very  vascular  in  comparison  with  that  of  the  adult.  The 
elastic  tissue  is  relatively  feebly  developed,  and  the  mucous  glands 
are  imperfectly  developed  in  childhood. 

Lumen. — Schkarin  2  has  shown  that  in  infants  under  two  months 

1  Rev.  Hyg.  et  Med.  Inf . ,  viii. ,  No.  3,  224. 

‘J  Vratchebnaya  Gazetta ,  1903;  and  fahrb.f.  Kinderheilk ,  59,  1904,  p.  512. 
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the  oesophagus  will  receive  a  bougie  7-8  mm.  in  diameter;  in  six 
to  nine  month  old  babies  the  lumen  of  the  oesophagus  is  9  mm. ; 
nine  months  to  two  years,  10  mm.  ;  and  six  to  twelve  years,  12  mm. 

The  entrance  of  the  oesophagus  into  the  cardiac  end  of  the 
stomach  is  situated  well  back  against  the  vertebral  column,  and  in 
a  plane  anterior  to  that  of  the  fundus. 

Dentition. 

A.  The  Temporary  Teeth . — The  twenty  temporary  or  milk  teeth 


usually  appear  at  the  following  ages 

: — 

(1)  Lower  two  central  incisors 

- 

- 

6-9  months. 

(2)  Upper  four  incisors 

- 

8-10 

>  5 

(3)  Lower  two  lateral  incisors 

and  lower 

and  upper  first  molars 

- 

- 

12-15 

55 

(4)  Lower  and  upper  canines 

- 

- 

18-24 

55 

(5)  Lower  and  upper  second  molars 

- 

24-30 

55 

The  dental  formula  for  the  temporary  set  is 

: — 

Mo.  Ca.  In. 

In. 

Ca. 

Mo. 

Upper— 2  1  2  | 

2 

1 

2=  10] 

j.20. 

Lower — 2  1  2 

2 

1 

2  =  10  J 

Although  the  intervals  between 

the 

eruption  of  the  different 

groups  of  teeth  may  vary  in  healthy  children,  the  order  in  which 
they  appear  is  practically  constant. 

Delayed  dentition  is  generally  due  to  rickets,  but  it  sometimes 
occurs  in  perfectly  healthy  children.  Early  dentition  is  not  at  all 
common,  and  very  rarely  (1  in  10,000  to  15,000  births)  a  child  is 
born  with  the  lower  two  central  incisors  erupted.  The  author  has 
had  one  such  case  in  his  own  obstetric  practice,  and  has  seen  one 
other.  If  they  interfere  with  nursing  they  can  easily  be  removed. 

B.  The  Permanent  Teeth. — The  following  is  the  order  of  eruption 
of  the  thirty-two  permanent  teeth  : — 

First  molars  -  -  -  6  years. 

Central  incisors  -  -  -  7 

Lateral  ,,  -  -  -  8 

First  bicuspid  -  -  9 


55 


55 


Second  ,, 

- 

- 

- 

10 

Canines 

- 

- 

-  1 

1-13 

Second  molars 

- 

- 

-  1 

2-14 

Third  ,, 

(wisdom) 

- 

-  1 

7-25 

4ie  dental  formula  for  the  permanent 

set  is 

: — 

Upper— 3  2 

1  2  1 

2  1 

2 

3  = 

Lower — 3  2 

1  2  1 

2  1 

2 

3  = 

55 


55 


55 


55 


55 


16/  * 

For  the  development  of  the  teeth  see  books  on  Embryology. 
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SECTION  II 

The  Digestion  in  the  Stomach 

Physiological  Anatomy  of  the  Stomach. 

Position. — In  the  foetus  the  stomach  lies  completely  in  the  left 
hypochondrium,  with  the  exception  of  the  pylorus,  which  is  situated 
in  the  median  line.  It  is  practically  entirely  covered  by  the  liver, 
and  its  long  axis  is  vertical. 

At  birth  the  stomach  lies  somewhat  obliquely,  and  at  four 
months  it  lies  almost  transversely,  and  is  totally  uncovered  by  the 
liver.  The  cardiac  end  lies  during  infancy  opposite  the  tenth 
dorsal  vertebra,  and,  according  to  Fleischmann,  the  vertical  distance 
between  the  cardiac  and  pyloric  orifices  is  2-2*5  cm.,  or  the  height 
of  two  vertebrae. 

Shape. — In  the  foetus  the  maximum  diameter  of  the  stomach 
is  in  the  middle  portion,  whilst  in  the  nursling  it  is  at  the  fundus. 
The  fundus  grows  much  more  rapidly  than  the  remaining  portion 
of  the  stomach.  Thus  the  length  of  the  fundus  is  to  that  of  the 
whole  stomach  as  1  :  5  in  the  foetus,  1  :  4  in  the  infant,  and  1  :  3 
in  the  adult.  Further,  the  stomach  of  the  new-born  baby  is 
elliptical  on  cross-section,  the  fundus  is  feebly,  and  the  pylorus 
imperfectly  developed.  The  greater  curvature  increases  from 
16-24  cm.  in  length  during  the  first  year. 

Radiography  of  the  Infant's  Stomach. — This  has  been  done 
by  a  number  of  observers.  Pisek  and  Le  Wald  1  investigated  the 
shape  of  the  stomach  in  infants  two  days  to  twenty  months  old, 
and  came  to  the  conclusion  that  there  is  no  characteristic  normal 
type  of  stomach  in  infancy.  It  is  horizontal  rather  than  vertical 
(as  it  is  usually  said  to  be),  and  may  have  one  of  the  following 
three  forms,  viz.  :  (a)  ovoid ;  (b)  retort  shaped  ;  (c)  pear  shaped. 
The  shape  depends  upon  the  amount  of  gas  it  contains;  when  the 
intestines  are  emptied  the  shape  may  change  from  (b)  to  (a). 
They  also  found  that  the  emptying  time  of  the  infants  stomach  is 
about  three  hours,  but  this  varies  with  the  quantity  and  quality  of 
food  taken,  the  rate  of  gastric  secretion,  and  the  vigour  of  the 
gastric  peristalsis.  Willox  2  finds  that : — 

(1)  The  shape  of  the  stomach  with  contents  varies  during 

the  process  of  digestion. 

(2)  The  average  time  for  the  stomach  to  empty  is  3f 

hours,  but  it  varies  with  the  consistency  of  the 
food ;  the  more  fluid  the  meal  the  more  quickly  it 
passes  through  the  stomach. 

1  Amer.  Journ.  Dis.  Child . ,  vi.,  1913. 

2  “Gastric  Radioscopy  in  Children,*’  M.D.  Thesis,  Practitioner ,  xcv. , 
1915,  p.  599. 
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Cannon’s  observations  in  animals  to  the  effect  that  the  rate 
at  which  the  food  leaves  the  stomach  is  quickest  in  the  case  of 
carbohydrates  (upon  which  gastric  juice  has  no  effect  at  all), 
slower  in  the  case  of  proteins,  and  slowest  of  all  in  the  case  of 
fats,  has  been  partly  confirmed  in  infants.  This  is  a  matter  of 
some  practical  importance ,  since  cases  of  pyloric  stenosis,  with 
vomiting  after  each  feed,  are  comparatively  common  in  infants, 
and  in  such  cases  feeding  has  to  be  so  regulated  that  the  food 
leaves  the  stomach  as  quickly  and  as  easily  as  possible.  In  such 
cases,  therefore,  a  food  containing  plenty  of  carbohydrate,  very 
little  fat,  and  a  large  proportion  of  protein,  in  the  form  of  whey 
protein  (which  is  not  coagulated  by  rennin,  and  therefore  passes 
easily  through  the  pylorus),  is  indicated. 

Gastric  Area  and  Capacity. 

Area. — The  following  table  gives  the  area  of  the  stomach  at 
different  ages : — 

Birth  -  -  -  370  sq.  cm. 

3  months  -  -  -  916  ,, 

1  year  -  1,858  ,, 

3  years  -  -  -  1,961  ,, 

Adults  -  6,246  ,, 

Comparing  the  gastric  area  with  the  area  of  the  whole  of  the 
intestinal  tract,  the  following  numbers  are  obtained 

Birth  -  -  426:  7,122  (1:19). 

1  year  -  -  1,598  :  19,183  (1  :  12). 

Adults  -  -  6,235  :  58,196  (1  :  9). 

From  this  it  would  appear  that  during  early  infancy  the 
stomach  has  a  smaller  functional  gastric  area  than  in  the  adult. 

Gastric  Capacity. — The  gastric  capacity  in  the  infant  is  a  matter 
of  some  practical  importance,  inasmuch  as  the  amount  of  food 
offered  to  an  artificially  fed  baby  at  any  particular  age  ought  to 
have  some  relation  to  the  normal  capacity  of  its  stomach  at  that 
age,  although  clinical  observation  has  shown  that  a  baby  can  take, 
during  a  feed,  more  than  the  stomach  can  actually  hold,  since 

even  during  the  process  of  feeding  some  of  the  gastric  contents 
escape  into  the  intestine,  as  has  been  seen  to  take  place  by 
fluoroscopic  examination. 

To  determine  the  volume  of  the  stomach  post  mortem  is  a 
matter  of  some  difficulty,  on  account  of  its  considerable  elasticity 
and  extensibility. 

Holt  gives  the  following  table  : — - 
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Age. 

Ounces. 

Cubic  Centimetres. 

Birth 

L2 

36 

2  weeks 

1-5 

42 

4  - 

2 

60 

6  ,,  - 

2-27 

68 

8  „ 

3-37 

100 

10  „  -  -  - 

4-25 

128 

12  „ 

4*50 

132 

14-18  weeks  - 

5-00 

150 

5-6  months 

5-75 

172 

7-8  „ 

6-88 

200 

10-11  „ 

8T4 

244 

12-14  „  -  - 

8-90 

265 

2  years  (Marfan) 

350 

In  later  childhood  the  capacities  are 

as  follows  (Zuccarelli) 

3  years 

500  c.c. 

4  „ 

600  „ 

10  „ 

750-800  c.c. 

The  physiological  capacity  of  the  stomach  is,  however,  larger 
than  the  anatomical  capacity  for  the  reason  stated  above.  Indeed, 
Mosenthal  compares  the  physiological  and  post  mortem  capacities 
as  follows  : — 

Amount  of  milk  offered  at  each  nursing  *  4  oz. 

„  „  ingested  at  „  „  -  3*6  „ 

Post-mortem  capacity  -  -  2*6  ,, 

X-ray  examination  shows  that  during  feeding  the  milk  spurts 
into  the  duodenum  before  the  meal  is  finished,  and  this  is  more 
commonly  the  case  in  naturally  than  in  artificially  fed  babies. 

Results  of  Investigations  of  the  Gastric  Capacity.  —  1.  The 
gastric  capacity  increases  with  age,  but  the  rate  of  increase  is 
greatest  during  the  early  months  of  life.  During  these  early 
months,  therefore,  the  amount  of  food  ought  to  be  frequently 
increased. 

2.  Age  for  age,  it  is  greater  in  artificially  fed  than  in  breast¬ 
fed  infants. 

Microscopic  Characters  of  the  Stomach.  (Fig.  108.) 

The  mucous  membrane  of  the  new-born  stomach  is  delicate 
and  richly  vascular,  and  is,  in  comparison  with  the  muscular  layer, 


1  Dissert.  Paris,  1894. 
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strongly  developed.  The  glands  are  fewer  in  number ,  shorter  in 
length,  and  smaller  in  lumen  than  in  the  adult,  and  often  one  can 
see  several  glands  opening  into  a  common  opening.  The  character 
of  the  surface  epithelium  is  the  same  as  in  the  adult.  These 
peculiarities  explain  the  scantiness  of  the  gastric  secretion  of  young 
infants. 

The  absolute  number  of  solitary  follicles  is  greater  in  the  adult’s 
than  in  the  infant’s  stomach.  The  nerve  fibres  show  a  feeble 
development  of  the  myelin  sheath,  and  the  nerve  cells  are  small  in 
size  and  have  no  pigment.  The  elastic  tissue  is  badly  developed. 


Fig.  108. — Section  of  the  Stomach  of  a  New-born  Infant. 
(Soltau  Fenwick,  ‘‘The  Disorders  of  Digestion  in 
Infancy.”  H.  K.  Lewis  &  Co.) 


From  these  observations  it  follows  that : — 

(1)  Even  the  foetal  stomach  is  capable  of  functionating. 

(2)  The  functional  ability  is  small  in  the  first  months  of 

infancy. 

-  (3)  The  special  susceptibility  of  the  child  to  gastric 
disturbances  is  due  to  (a)  delicacy  and  vascularity 
of  its  mucous  layer ;  (fi)  to  the  imperfect  development 
of  its  elastic  tissue ;  and  (c)  to  the  weakness  of  its 
muscles  and  nerves. 

According  to  Toldt 1  the  following  are  the  dimensions  of  the 
gastric  glands  at  various  ages  : — 

1  Quoted  by  Vierordt,  “  Daten  und  Tabellen.” 
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Length  in  Mm. 

Breadth  in  Mm. 

At  birth  - 

0-540-0-613 

0-025-0-048 

,,  at  fundus  - 

0-506-0-501 

... 

3-4  years 

.  .  . 

0-031-0-050 

Adults  - 

0-620-0-670 

0-046-0-058 

Number  of  Glands. — 

At  birth  -  1,955,170 

,,  10  years  (female)  -  -  -  16,971,360 

„  30  „  (male)  -  -  -  25,179,000 

Frequency  and  Size  of  Feeds. — A  matter  of  enormous  practical 
importance  is  how  often  an  infant  of  any  given  age  is  to  be  fed, 
and  how  much  is  to  be  offered  to  it  at  each  feed.  Authorities  are 
not  entirely  in  agreement  on  this  question.  Thus,  while  European 
authorities  are  in  favour  of  long  intervals  such  as  three  or  four 
hourly  feeds,  American  teachers  recommend  more  frequent  feeds, 
viz.,  at  two  hourly  intervals. 

1.  Frequency. — This  has  been  determined  in  different  ways, 
each  of  which  is  liable  to  a  certain  amount  of  criticism. 

(a)  Empirically. — By  noting  in  a  large  number  of  cases  the 
average  time  at  which  the  babies  show  an  inclination  to  nurse. 
This  is  open  to  the  criticism  that  it  is  impossible  to  say  with  any 
certainty  when  any  particular  baby  is  really  hungry. 

(b)  Determination  of  the  Stomach  Capacity. — Knowing  the  exact 
gastric  capacity  at  any  age,  and  the  total  daily  amount  of  food 
required  by  the  infant  at  that  age  as  determined  by  metabolism 
experiments,  it  has  been  considered  possible  to  determine 
the  frequency  of  feeding  by  dividing  the  daily  total  by  the 
gastric  capacity.  Thus  it  has  been  found  that  the  average 
daily  requirements  during  the  first  month  are  110  cals,  per  kilo 
body  weight.  This  is  represented  by  about  1,200  c.c.  of  breast 
milk.  As  the  average  gastric  capacity  during  the  first  month  is 

1200 

about  50  c.c.,  this  would  indicate - =  24,  i.e..  one  hourly  feeds. 

50  J 

This  one  knows  from  clinical  experience  to  be  much  too  frequent, 
and  the  error  in  this  method  of  calculation  lies  in  the  fact  already 
pointed  out  that  the  physiological  capacity  of  the  stomach  is 
considerably  greater  than  the  anatomical  capacity,  because,  as  X-ray 
observations  have  shown,  milk  begins  to  leave  the  infant’s  stomach 
within  a  few  minutes  after  the  beginning  of  sucking. 

{c)  Determination  of  the  Duration  of  the  Gastric  Digestion. — 
This  has  been  studied  by  means  of  the  stomach  tube  as  well  as 
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with  the  X-rays,  and  has  been  found  to  vary  with  the  quality  and 
quantity  of  the  feed  (see  p.  456).  It  has  also  been  found  to  be 
longer  in  bottle  babies  (3  hours)  than  in  breast  babies  (1 J-2  hours). 

(d)  Hunger  Contraction  Method. —I  have  already  referred  to 
Carlson’s  work  on  “  Hunger  Contraction.”  (See  Chap.  XV.,  p.  206.) 
Carlson  and  his  collaborators1  have  applied  this  method  to 
determine  the  onset  of  hunger  in  infants.  They  experimented 
with  thirty  normal  infants  between  one  day  and  four  weeks  old,  and 
made  eighty- five  observations.  The  balloon  was  introduced  into 
the  stomach  half  an  hour  or  more  after  feeding  (its  earlier  intro¬ 
duction  induces  vomiting),  and  the  tracings  were  taken  when  the 
children  were  asleep  (since  restlessness  on  the  part  of  the  infants 


inhibits  the  hunger  contraction)  (Figs.  109  and  110).  They  find 
that  typical  hunger  contractions  appear  at  about  2J-3  hours,  and 
that,  therefore,  this  is  the  proper  interval  between  feeds.  This 
ingenious  method  is  open  to  the  criticism  that  as  the  balloon 
is  a  foreign  body  some  of  the  contractions  may  have  been  an  effort 
on  the  part  of  the  stomach  to  get  rid  of  it.  Carlson,  however, 
contends  that  the  balloon  definitely  does  not  act  as  a  foreign 
body,  since  (a)  its  presence  does  not  induce  contraction  between 
the  contraction  periods ;  (b)  in  a  case  of  gastric  fistula  he  could 
actually  see  these  contractions  at  the  hunger  periods  7 uithout 
any  balloon  in  the  stomach. 

2.  The  size  of  the  feed  is  obtained  by  dividing  the  daily  amount 
by  the  number  of  feeds. 

1  Ginsberg,  Tumpowsky,  and  Carlson,  town.  Amer.  Med.  Assoc.,  lxiv., 

j91 5,  1822. 
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The  Gastric  Juice. — A  number  of  observa¬ 
tions  has  shown  that  the  stomach  at  birth 
and  in  early  infancy  contains  all  the  digestive 
juices — renin,  pepsin,  and  HC1.  (See  Chap. 
XIII.)  The  presence  of  peptones  has  also 
been  demonstrated.  These  may  be  due 
partly  to  pepsin  and  partly  to  bacterial 
action.  The  majority  of  observers,  however, 
are  agreed  that  the  amount  of  free  HC1  in 
early  infancy  is  very  small  and  often  nil.  Arti¬ 
er  ficially  fed  babies  contain  more  gastric  HC1 
and  occasionally  some  lactic  acid.  Nothmann1 
carried  out  a  number  of  investigations  in 
§~  twenty-two  children  of  ages  varying  from  10 
•z  hours  to  114  months,  and  found  that  it  was 
o  possible  to  excite  even  in  such  young  infants  a 
“  psychical  ”  gastric  secretion  (Pavlov)  which 
.0  always  contained  pepsin  and  occasionally  HC1. 
§  Rood  Taylor2  could  find  no  evidence  of  such 
c  psychical  or  appetite  secretion.  Bogen3  showed 
o  psychical  secretion  in  a  child  3J  years  old  that 
5  had  a  gastric  fistula.  Sommerfeld4  found  the 
§  same  in  an  infant  4  weeks  old  with  a  jejunal 
^  fistula,  and  Hornborg5  found  the  same  in  a 
boy  5  years  old.  Ivramsztyk  sometimes  found 
jf  trypsin  in  the  infant’s  stomach,  but  this  is 
g  probably  due  to  regurgitation  from  the  intes- 
^  tines. 

© 

^  Total  Acidity. 

b 

£  Sotoff’s  investigations  0  showed  that  in  the 
early  months  of  infancy  the  total  acidity  of  the 
gastric  juice  was  0*02  per  cent.  40  min.  after 
sucking,  and  0'08  per  cent.  80  min.  after 
sucking. 

Physiological  Variations .  —  Dudin  7  showed 
that  the  amount  of  acidity  varied  with  the 
nature  of  the  diet.  Thus,  in  a  17  days’  old 
infant,  the  acidity  after  a  breast  feed  was  0*073 
per  cent.  HC1 ;  after  cow’s  milk  and  water, 
0*1905  per  cent.  ;  and  after  cow’s  milk  and 
barley  water,  0*1277  per  cent.  Free  HC1, 


rch.  Kinderheilk .  2  Amer.  fourn.  Dis.  Child . ,  14,  1917,  p.  258. 

.  Med.  Wochenschr . ,  1907,  No.  27.  4  Arch.  Kinderheilk ,  49,  1909,  1. 

5  Quoted  by  Gundobin,  op.  cil.,  p.  269.  (i  Dissert.,  St  Petersburg,  1893. 

7  Dissert.,  St  Petersburg,  1904. 
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however,  was  present  only  to  the  extent  of  about  04)088  per  cent, 
even  70  min.  after  a  feed  of  cow’s  milk.  The  high  total  acidity  is 
due  to  the  presence  of  fatty  acids  produced  by  the  action  of  a  fat¬ 
splitting  ferment  (lipase),  which,  we  have  seen  in  Chap.  XIII.,  has 
been  found  in  the  infant’s  stomach. 

The  total  acidity  in  adults  15  min.  after  a  milk  feed  is  0*1  per 
cent.  HC1,  and  1  hour  after,  0*3  per  cent.  HC1. 

Hahn  1  found  the  acidity  of  the  gastric  juice  in  infants,  as 
expressed  in  terms  of  hydrogen  ion  concentration,  to  be  1  x  10“5  at 
the  height  of  digestion.  In  the  adult  the  acidity  equals  1*7  x  10, 
which  would  correspond  to  a  solution  of  less  than  0*1  per  cent.  HC1 
(the  gastric  juice  at  the  time  of  secretion  having  a  concentration  of 
HC1  of  0*5  per  cent.). 

McClendon2  investigated  the  change  of  H  ion  concentration 
of  the  stomach  in  the  adult  and  infant  during  the  progress  of 
digestion  by  lowering  a  hydrogen  electrode  into  the  stomach.  By 
taking  quarter-hourly  readings,  he  found  that  the  acidity  of  the 
adult  stomach  rapidly  rises  during  the  first  l|-8  hours  after 
a  meal,  after  which  it  remains  stationary  until  the  food  has  left  the 
stomach.  In  an  infant  of  the  first  month,  the  acidity  rises  slowly 
during  the  first  hour,  but  after  that  it  rises  rapidly ;  4  hours  after 
nursing  it  may  be  as  high  as  in  the  adult. 

This  is  shown  in  the  following  table  : — 

Time  after 

nursing  0'25  hr.  0*5  hr.  1  hr.  1*5  hrs.  2  hrs.  2*5  hrs.  3  hrs.  4  hrs. 
H  ion  con¬ 
centration  0 •000006  0*000005  0*000006  0*00005  0*00012  0*00005  0*001  0*01 

Pathological  Variations . — Hecker 3  has  shown  that  in  all  digestive 
disorders  of  infants  up  to  three  years  the  chemical  activity  of  their 
stomachs  becomes  affected.  Especially  is  this  the  case  in  acute 
colitis.  In  severe  disorders  there  is  an  absence  of  free  HC1,  and 
organic  acids  are  present ;  the  gastric  juice  is  faintly  acid  and  even 
neutral,  and  the  total  amount  of  chlorine  is  small.  This  is  in  con¬ 
tradiction  to  the  results  of  earlier  authorities,  who  found  a  hyper- 
rather  than  a  hypo-chlorhydria  in  similar  conditions.  Sherman 4 
finds  that  either  condition  might  occur. 

As  Kitasato  has  shown  that  HC1  in  strength  of  0*08-0*158  per 
cent,  exercises  an  inhibitory  influence,  and  in  some  cases  even  has 
a  bactericidal  effect  upon  the  growth  of  bacteria,  it  becomes  clear 
that  the  scarcity  or  absence  of  free  HC1  in  an  infant’s  gastric 
juice  predisposes  the  baby  to  bacterial  fermentations  in  the  stomach. 


1  Amer.  Journ.  Dis.  Child.,  7,  1914,  305. 

2  A  mer.  Jotirn.  Physiol.,  38,  1915,  p.  191. 

:}  Dissert.,  St  Petersburg,  1901  ;  also  Jahrb.J.  Kinder heilk,  62,  1905,  p.  495. 

4  Journ.  Amer.  Med.  Assoc.,  54,  1910,  p.  1514. 
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Hamburger  further  showed  that  combined  HC1,  such  as  is 
commonly  found  in  infants,  has  no  effect  on  bacteria  at  all. 

Van  Puteren  1  has  shown  that  babies’  stomachs  contain  a  large 
number  of  micro-organisms.  Thus  in  1  c.c.  of  gastric  contents, 
having  an  acidity  of  0*0219  per  cent.,  and  plated  out  immediately 
after  a  breast  feed,  there  could  be  counted  2,987  colonies  ;  after  one 
hour  there  were  3,098  colonies  (at  an  acidity  of  0*0542  per  cent.). 
At  an  acidity  of  0*0320  per  cent,  there  were  soon,  after  feeding, 
1,451  colonies  per  1  c.c.,  and  two  hours  after  feeding  there  were 
1,192  colonies  per  c.c.  at  an  acidity  of  0*730  per  cent.  Langerman  2 
believes  that  the  number  of  bacteria  in  the  stomach  depends 
chiefly  upon  the  HC1  content.  Thus  he  found  that  while  the 
infant’s  stomach  normally  contained  from  37,002-40,000  bacteria 
per  c.c.,  the  presence  of  HC1  reduces  the  number  to  3,200-6,400. 

Practical  Consideration . — An  excess  of  bacteria  in  the  stomach 
not  only  hinders  the  regular  course  of  gastric  digestion,  but  also 
increases  the  bacterial  contents  of  the  intestines,  resulting  in 
fermentative  or  putrefactive  processes.  It  is  therefore  of  the 
utmost  importance  that  the  greatest  care  be  taken  with  regard  to 
cleanliness  in  infant  feeding,  in  order  to  keep  the  number  of 
bacteria  in  the  stomach  at  a  minimum.  The  same  applies  to  the 
cleanliness  of  the  baby’s  mouth. 

Origin  and  Nature  of  Bacteria. — The  bacteria  gain  an  entrance 
into  the  baby’s  stomach  during  the  process  of  parturition,  when 
vaginal  micro-organisms,  viz.,  Staphylococcus  albus  and  citreus ,  gain 
admission.  After  twelve  hours  the  number  of  germs  increases.  The 
staphylococcus  and  pneumococcus  are  present  in  preponderating 
numbers,  the  latter  coming  from  the  mother’s  milk.  In  artificially 
fed  infants,  even  with  sterilised  milk,  the  number  of  colonies  is 
greater  than  in  breast-fed  babies,  and  the  number  of  virulent 
organisms  increases  after  weaning.  Nobecourt  and  Vicaris3  found 
that  after  dentition  the  bacterial  flora  of  the  mouth  is  richer 
because  of  the  occurrence  of  leptothrix,  spirochaetse,  etc. 

A  matter  of  some  practical  importance  is  the  question  of 
wiping  out  the  child’s  mouth  before  and  after  feeding.  According 
to  some,  it  is  not  only  unnecessary,  but  injurious,  inasmuch  as 
it  may  cause  ulcerative  stomatitis.  Gundobin,  however,  considers 
washing  out  the  infant’s  mouth  very  important.  This  should  be 
done  three  times  a  day  with  absorbent  cotton  wool  or  gauze  soaked 
in  boracic  lotion. 

An  interesting  question  in  connection  with  the  gastric  bacteria 
is,  What  is  the  origin  of  the  gas  in  the  stomach  ?  Is  it  the  result  of 
bacterial  decomposition,  or  is  it  merely  swallowed  air  ? 

1  Vratch ,  ix. 

2  fahrb.  f  Kinderheilk ,  xxxv. ,  1893. 

3  Arch.  Gen.  de  Mtd. ,  15,  1905. 
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Leo1  analysed  the  stomach  gas  and  found  it  in  the  case  of  healthy 
babies  to  have  the  same  composition  as  atmospheric  air  except  that 
it  contained  a  higher  percentage  of  CO.„  showing  that  the  gas  was 
swallowed  air  (mixed  with  expired  air),  whilst  in  cases  of  dyspepsia 
the  gas  contained,  in  addition  to  CO.„  also  H  and  CH4,  pointing  to 
butyric  acid  fermentation. 

The  Action  of  Alkalis  and  of  Sodium  Citrate  upon  Gastric 
Secretion. 

Alkalis  such  as  lime  water  are  often  added  to  milk  in  order  to 
render  the  coagulation  of  the  milk  in  the  stomach  less  complete. 
Their  action  was  believed  to  be  due  to  the  neutralising  effect  on 
the  HC1,  which  thus  delays  the  coagulation  of  the  milk  by  rennin, 
and  therefore  allows  some  of  the  milk  to  pass  into  the  duodenum 
before  coagulation.  Clark,  however,  does  not  agree  with  this  ex¬ 
planation,  since,  according  to  him,  the  administration  of  an  alkali 
stimulates  the  gastric  glands  to  form  PIC1  sufficient  to  counter¬ 
balance  the  reduction  in  acidity  due  to  the  neutralisation  of  a 
portion  of  the  acid. 

As  regards  the  action  of  the  sodium  citrate,  which  is  often  given 
with  milk  to  render  the  clot  much  finer,  it  has  been  shown  by 
Bosworth  to  change  calcium  caseinate  into  sodium  caseinate,  which 
latter  is  changed  by  rennin  to  sodium  paracaseinate — which  is 
soluble — whilst  calcium  paracaseinate,  which  is  formed  by  rennin, 
is  insoluble. 

Gastric  Motility. — This  can  be  investigated  in  several  ways. 

(a)  Examination  of  the  stomach  contents  by  passing  a  stomach 
tube  some  time  after  a  test  meal. 

(b)  Examination  of  the  stomach  contents  in  children  that 
happen  to  have  gastric  fistulae. 

(c)  Chemical  methods :  administration  of  0'2  gm.  salol  in 
100  c.  milk,  and  noting  the  time  after  which  it  appears  in  the 
urine. 

(d)  X-ray  examination. 

a.  To  pass  a  stomach  tube  in  older  children  is  a  matter  of 
great  difficulty,  but  such  a  procedure  is  exceedingly  easy  in  infants. 
In  the  latter  it  has  been  found  that  in  breast-fed  babies  the  stomach 
is  empty  in  1-1-|  hours,  whilst  in  bottle-fed  babies  it  is  empty 
in  lf-2  hours. 

b.  Tobler2  studied  the  gastric  motility  in  a  boy  four  years 
old  with  a  gastric  fistula,  and  he  found  that  the  coagulation  of 
casein  begins  in  from  2-3  min.  and  is  complete  in  10  min. 
This  curd,  together  with  the  fat,  remains  in  the  stomach  for 

1  Zeitschr. f  Klin.  A  fed.,  41,  1000,  p.  108. 

2  Verhandl.  d.  Gesell.  Kinder heilk ,  xxiii.,  1006,  p.  144. 
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further  digestion  after  the  fluid  portion  containing  the  milk  sugar 
in  solution  has  passed  through  the  pylorus.  This  latter  event 
begins,  as  we  have  already  seen,  before  the  infant  has  stopped 
sucking. 

3.  Salol  Method. — The  reaction  in  the  urine  in  infants  appears 
on  an  average  of  42  min.  after  administration  of  the  drug,  and 
the  process  of  excretion  of  the  drug  lasts  from  25-50  hours,  with  an 
average  of  about  40  hours.  The  following  results  have  been  found 
by  Gundobin  : — 


Age. 

Average  Time  at  which  the 
Reaction  Appeared  in  the 
Urine. 

Duration  of 
Excretion. 

1-3  years. 

3-5  „ 

10  „ 

Adults  (Huber) 

45'6  min. 

58-8  „  (35-80) 

72-7  „  (50-100) 

30-70  „ 

)  40  hours, 

j  (25-100) 

26-27  hours. 

From  this  it  is  seen  that  (a)  gastric  motility,  like  gastric 
absorption,  is  more  energetic  in  infants;  and  (b)  that  salol  and  KI 
are  excreted  more  slowly  in  the  infant  than  in  the  adult. 

4.  Cannon  has  shown  in  cats  that  the  cardiac  end  of  the 
stomach  and  the  pyloric  end  have  two  distinct  functions;  the 
former  acting  as  a  reservoir  where  the  food  lies  practically  undis¬ 
turbed  except  with  regard  to  the  peripheral  layer,  which  is  passed 
on  to  the  pyloric  half :  whilst  in  the  latter  deep  peristaltic  rings 
start  after  5-8  min.  to  drive  the  gastric  contents  against  the 
pyloric  valve,  which  opens  from  time  to  time  to  allow  some  of  the 
food  to  pass  into  the  duodenum.  This  opening  and  closing  of 
the  pyloric  valve  depends  on  the  reaction  of  the  material  near  it. 
When  the  material  in  the  antrum  pylori  is  acid,  the  valve  opens, 
and  when  it  is  alkaline  it  closes.  The  reverse  state  of  affairs  occurs 
on  the  duodenal  side  of  the  pyloric  valve  which  opens  when  the 
reaction  is  alkaline  and  closes  when  it  is  acid.  Cowie  and  Lyon  1 
demonstrated  the  same  opening  and  closing  reflexes  of  the  pyloric 
valve  in  infants. 

The  infant’s  stomach  shows  a  lack  of  peristalsis,  as  compared 
with  that  of  the  adult. 

Absorption  in  the  Stomach. 

Investigations  into  the  question  of  absorption  in  the  stomach 
have  been  carried  out  in  animals  by  the  direct  method,  i.e.,  by 

1  A mer.  Jotirn.  Dis.  Child.,  ii. ,  1911,  252. 
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making  a  fistula  in  the  duodenum  just  below  the  pylorus,  and 
examining  the  food  as  it  comes  out  from  the  fistula.  Such  experi¬ 
ments  have  shown  that  water  and  salts  are  practically  not  absorbed 
at  all  in  the  stomach,  while  sugar  and  peptone  are  absorbed  to  a 
very  small  extent.  Fats  are  probably  also  not  absorbed  at  all.  In 
the  human  being  indirect  methods  of  investigation  have  been 
applied,  such  as  the  examination  of  urine  for  iodine  after  admini¬ 
stration  of  iodide  of  potash  by  the  mouth.  It  has  been  found  by 
Grshebowsky 1  who  investigated  110  healthy  infants  between  two 
days  and  ten  months  that  the  urine  shows  the  presence  of  iodine 
much  sooner  in  infants  than  in  adults. 

Conditions  Influencing  the  Rapidity  of  Absorption  of  the  KI. 

1.  Size  of  dose. 

2.  Time  of  feeding. 

3.  General  development  of  baby. 

4.  Administration  of  alcohol,  or  gastric  lavage. 

(1)  Thus  a  dose  of  0*025  gr.  KI  introduced  into  the  stomach 
by  means  of  a  tube  gives  the  iodine  test  in  the  urine  33*3  min. 
later;  after  a  dose  of  0*1  gr.  KI,  14*6  min.;  after  a  dose  of 
0*2  gm.  KI,  12*8  min. ;  and  after  a  dose  of  0*3  gm.  KI,  13*6  min. 

(2)  KI  (0*2  gm.)  given  two  hours  after  a  feed  gave  a  urine 
reaction  12*4  min.  later.  Immediately  after  sucking,  15*1  min. 
In  the  case  of  adults,  a  full  stomach  decidedly  influences  the  rate 
of  absorption. 

(3)  As  regards  the  state  of  the  baby’s  general  development, 
the  lower  the  general  development  the  more  rapid  the  rate  of 
absorption.  Thus,  in  a  baby  1,700-1,900  gm.  in  weight  and  two  to 
fifteen  days  old,  the  iodine  reaction  showed  itself  after  about  31 
min.,  whilst  in  a  baby  of  the  same  weight,  but  eighteen  to  twenty- 
four  days  old,  the  reaction  appeared  after  21  min. 

(4)  Administration  of  5-10  drops  of  dilute  alcohol  \  hour 
before  the  experiment  increases  the  rate  of  absorption  (10*5  min.). 
As  regards  gastric  lavage,  its  effect  depends  upon  the  amount  of 
fluid  left  in  the  stomach — when  the  amount  left  is  small  the  rate 
is  diminished.  When  the  physiological  saline  is  used  for  the 
lavage  the  rate  of  absorption  is  increased. 

Clinical  Importance. 

The  rate  of  absorption  is  diminished  in  cases  of  gastric  dis¬ 
turbances,  and  such  diminution  is  proportional  to  the  severity  of 
the  disturbance. 

A  matter  of  some  interest  is  the  fact  that  absorption  from  the 
rectum  is  more  rapid  than  from  the  stomach  Thus,  Jakubowitch 


1  Dissert.,  St  Petersburg,  1902. 
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introduced  0*3  gr.  of  KI  in  15  gm.  of  milk  into  the  rectum,  and 
found  an  iodine  reaction  in  the  saliva  after  10-20  min.,  whilst  after 
introduction  into  the  stomach  the  reaction  in  the  saliva  appeared 
15  min.  later.  Similar  results  were  found  with  quinine,  and  in  the 
case  of  animals  with  strychnine.  Hence  it  would  appear  that, 
contrary  to  the  usual  teaching,  a  dose  per  rectum  should  be  smaller 
than  one  by  the  mouth.  It  is  to  be  remembered,  however,  that  an 
oral  dose  finds  its  way  into  the  small  intestine  where  absorption  is 
rapid,  whilst  a  rectal  dose  does  not.  Jurasz  found  that  after 
hypodermic  administration  of  apomorphine,  vomiting  occurred  in 
-|-1  min.  in  infants  and  3-10  min.  in  adults. 

The  following  table  is  given  by  Hecker,  who  administered  a 
watery  solution  of  OT-O'2  gm.  KI  4-5  hours  after  a  feed. 


Number 
of  Cases. 

Age. 

Weak 

Reaction 

After. 

Definite 

Reaction 

After. 

\ 

5 

5 

1-3  years 

3  „ 

1  25 

12-2 

14-2 

14-7 

4 

^  » 

15-1 

17-1 

4 

5 

12 

17 

4 

7 

12-3 

16-6 

4 

9-10  „ 

16 

16 

From  this  it  is  seen  that  with  increase  of  age  the  rate  of 
stomach  absorption  diminishes. 

Influence  of  Posture  on  Gastric  Digestion. 

We  have  seen  that  during  feeding  the  infant  swallows  a  certain 
amount  of  air.  Smith  and  Le  Wald1  found  by  X-ray  examina¬ 
tion  that  the  instinctive  inclination  of  mothers  and  nurses 
to  lay  colicky  babies  over  their  shoulders  is  justified  on  scientific 
grounds,  because  it  is  only  in  the  vertical  position  that  the  stomach 
contents  gravitate  to  the  bottom  and  allow  the  gas  to  find  its  way 
out  through  the  cardiac  orifice  of  the  stomach.  In  the  recumbent 
position  the  oesophageal  opening  becomes  occluded  by  the  gastric 
contents,  and  the  accumulation  of  unescaped  gas  gives  rise  to 
distension  and  colic,  which  is  only  relieved  by  vomiting.  More¬ 
over,  apart  from  the  pain  and  discomfort,  the  distension  also  causes 
pressure  on  the  mucosa  and  blood  vessels,  and  must  in  this  way 
interfere  with  the  gastric  secretion.  De  Buys  and  Henriques,2  as 

1  Amer.  Journ.  Dis.  Child.,  ix. ,  1915,  261. 

2  Ibid.,  xv.,  1918,  190. 
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the  result  of  fluoroscopic  examination,  find  that  the  motility  of  the 
stomach  is  comparatively  slow  in  the  supine  position,  and  is  most 
rapid  in  the  right  lateral  position. 


SECTION  III 
The  Liver 

Physiological  Anatomy. 

Position. — Post  mortem,  the  upper  border  is  at  the  level  of 
the  sixth  intercostal  space  in  the  axillary  line.  The  lower  border 
is,  in  the  first  year,  1-2  cm.,  and  in  the  third  to  seventh  year, 
0*5-1  cm.  below  the  costal  margin.  In  living  children  the  lower 
border  of  the  liver  cannot  be  felt  after  the  second  year.  This, 
however,  may  be  due  to  the  softness  of  the  organ. 

Shape. —  This  does  not  differ  from  that  of  the  adult  liver. 
Consistence. — Soft  in  the  foetus  and  infants  of  one  month  old. 
This  softness  is  due  to  the  great  vascularity  of  the  organ. 

Colour. — In  the  foetus  and  two  weeks  after  birth  the  liver  is 
dark  cherry-red;  in  older  children  it  is  reddish  brown. 

Weight. — Kowalski1  examined  the  livers  of  300  dead  children 
of  various  ages,  and  found  them  to  weigh  as  follows  : — 


Age. 

Weight 
of  Liver 
in  Gm. 

Weight 
of  Infant 
in  Gm. 

Age. 

Weight 
of  Liver 
in  Gm. 

Weight 
of  Infant 
in  Gm. 

5  months’ 

39 

650 

3-4  months  - 

259 

4,350 

foetus 

8-10  „ 

320 

7,000 

7  months’ 

70 

1,320 

15  „ 

325 

10,000 

foetus 

2-3  years 

437*5 

12,000 

8J  months’ 

110 

2,000 

3-4  „ 

51 1*5 

12,975 

foetus 

5-6  „ 

655 

15,200 

9  months’ 

100 

1,900 

8-9  „ 

720 

18,000 

foetus 

10-11,, 

835 

21,800 

At  birth 

130 

3,000 

12  „ 

1,120 

27,825 

1-7  days 

133*5 

3,150 

16  „ 

1,260 

•  .  * 

2-3  months  - 

187*5 

4,075 

This  table  shows  that  (a)  the  weight  of  the  liver  t  doubles  itself 
at  about  five  to  six  months,  and  trebles  itself  at  about  two  years  ; 
(p)  the  relative  weight  of  the  organ  in  the  new-born  baby  is  one 
and  a  half  times  that  of  the  adult  (4*33  per  cent,  and  2*85  per 
cent,  respectively). 

1  Dissert.,  St  Petersburg,  1900, 
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Histology  of  the  Liver. 

At  Birth. — The  liver  trabeculae  are  irregular  in  outline.  The 
cells  are  arranged  either  in  groups  or  in  rows — as  against  the  regular 
columnar  arrangement  in  the  adult.  The  capillary  network  is 
very  abundant.  The  size  of  the  capillaries  has  been  determined 
by  microscopic  measurements  as  well  as  by  injection  methods. 
The  diameter  of  a  liver  capillary  is  larger  in  early  infancy. 

In  the' Foetus. — The  liver  is  still  more  vascular,  and  special  cells 
are  found.  These  are  round  and  contain  round  nuclei  rich  in 
chromatin.  The  latter  are  large  in  comparison  with  the  size  of  the 
cell,  but  smaller  than  those  of  the  polyhedral  cells.  Gundobin’s 
investigations  have  given  the  following  results  : — 

1.  The  formation  of  lobuli  takes  place  at  the  end  of  the  first 
year. 

2.  In  children  two  to  four  years  old  the  radial  disposition  of 
the  liver  cells  is  pretty  clearly  marked. 

3.  From  eight  years  onwards  it  is  impossible  to  distinguish 
microscopically  a  child’s  liver  from  that  of  an  adult. 

4.  Parallel  with  the  development  of  the  lobuli  there  occur  also 
changes  in  the  vascular  system  of  the  liver.  The  capillaries  in  the 
liver  of  the  new-born  infant  show  a  characteristic  circular  course, 
and  unite  into  smaller  veins,  which  take  on  a  more  radial  direction. 

The  Functions  of  the  Liver. 

1.  It  manufactures  bile. 

2.  It  converts  starch,  albumen,  and  even  fat,  into  glycogen. 

3.  It  breaks  up  ammonium  carbonate  into  urea. 

4.  It  acts  as  a  filter  to  prevent  the  entry  into  the  blood  of 
foreign  substances,  such  as  alkaloids  and  metallic  salts. 

5.  In  disorders  of  digestion  it  destroys  poisonous  materials 
formed  in  the  intestinal  tract. 

6.  Some  of  the  endothelial  cells  of  the  liver  capillaries  have 
phagocytic  properties,  and  can  devour  micro-organisms  carried  to 
it  by  the  portal  vein. 

7.  As  a  result  of  the  same  phagocytic  action  there  occurs  the 
destruction  of  the  red  blood  corpuscles,  with  the  liberation  of 
haemoglobin  which  is  used  for  the  formation  of  bile  pigment. 

8.  During  intra-uterine  life  the  liver  is  a  blood-forming  organ. 

9.  The  liver  is  also  concerned  with  the  formation  of  creatin 
and  creatinin. 

A  review  of  the  above  list  of  functions  will  reveal  the  fact  that 
the  imperfect  development  of  the  organ  in  the  new-born  infant, 
and  its  rapid  growth  during  the  first  few  months,  must  have  an 
important  influence  on  the  metabolism  during  those  early  months 
of  life. 
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Biliary  Functions. — We  have  already  seen  in  Chap.  XIII.  that 
secretion  of  bile  commences  at  the  third  month  of  intra-uterine 
life,  but  is  not  marked  until  the  sixth  month. 

The  Bile. — Geptner,1  as  the  result  of  eight  analyses  of  biles, 
came  to  the  following  conclusions  : — 

1.  The  bile  acids,  and  chiefly  glycocholic  acid,  are  relatively 
scanty  in  infancy  and  childhood. 

2.  Mucin  is  present  in  relatively  large  amount. 

3.  Water  is  present  in  a  higher  percentage  than  in  the  adult. 

The  following  table  gives  detailed  analytical  results  : — 


Composition  of  Bile. 

Age. 

Percentage 

Composi¬ 

tion. 

Water. 

Solids. 

Mucin. 

Bile 

Acid. 

Sodium 

Glyco- 

cholate. 

Sodium 

Tauro- 

cholate. 

Chole- 
sterin, 
Fat,  and 
Lecithin. 

Mineral 

Salts. 

f 

Per  cent. 

93-54 

6-46 

1-56 

2-35 

1  -40 

0-90 

1-86 

0-53 

Infancy- 

In  100 
parts 
solid. 

100 

25-23 

35-09 

21-22 

13-11 

28-44 

8-08 

Per  cent. 

91-87 

8-13 

1-54 

3-32 

2-21 

1  -06 

2-26 

0-86 

12-18 

In  100 

•  i  • 

100 

19-13 

40-88 

27-11 

13-16 

27-18 

10-89 

months 

parts 

solid. 

( 

Per  cent. 

87-61 

12-37 

1-98 

6-38 

3-49 

1-57 

1-99 

0-82 

Adults  - 

In  100 
parts 
solid. 

100 

16-0 

51-57 

28-21 

12-69 

16-09 

6-62 

The  bile  at  birth  differs  from  adults’  bile  also  in  its  higher 
viscosity  as  well  as  in  the  fact  that  it  only  contains  two  pigments, 
viz.,  bilirubin  and  biliverdin,  instead  of  three,  viz.,  hydrobilirubin, 
bilirubin,  and  biliverdin.  This  last  fact  has  enabled  Ylppo  to 
estimate  bile  pigments  in  the  infants’  blood  spectrophotometrically 
(see  p.  307  et  seq.). 

Bile  has  antiseptic  properties,  and  hinders  the  putrefactive 
processes  in  the  intestine  as  well  as  the  alcoholic  and  lactic  acid 
fermentation,  and  prevents  in  part  the  development  of  micro¬ 
organisms. 

In  all  these  directions  taurocholic  acid  has  a  greater  power 
than  glycocholic  acid.  And  as  infants  receive  in  their  diet  a 
greater  amount  of  milk  sugar  it  is  physiologically  necessary  for 
them  to  have  a  relatively  larger  amount  of  taurocholic  acid. 


1  Dissert.,  St  Petersburg,  1900, 
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The  greater  amount  of  salt  in  infants’  bile  is  due  to  the  greater 
amount  of  salt  taken. 

The  relatively  great  percentage  of  mucin  is  explained  by  great 
numbers  of  mucous  glands  in  the  neck  of  the  infant’s  gall  bladder. 

Amount  of  Bile  Secreted. — The  only  way  to  estimate  this  is 
indirectly  by  measuring  the  capacity  of  the  gall  bladder.  Geptner 
has  found  the  volume  of  the  gall  bladder  to  be  as  follows  : — 


1-3  months 

- 

- 

3 ‘2  c.c. 

1-3  years  - 

- 

- 

-  8-5  „ 

6-9  „ 

- 

- 

-  33-6  „ 

Adults 

- 

- 

50-65  c.c. 

Relation  between  the  Size  of  Gall  Bladder  and  Weight  of  Liver — 

Young  infants  -  -  1  :  58. 

10-12  months  -  -  1  :  32. 

2  years  onwards  -  -  -  1  :  20-1  :  25. 

From  these  two  tables  we  must  conclude  that,  in  spite  of  the 
comparatively  large  size  of  the  liver  in  infants,  its  capacity  for 
producing  bile  must  be  small  in  early  infancy. 

Oxidation  Properties  of  the  Liver  in  Infancy. — The  only  oxida¬ 
tion  property  of  the  liver  at  any  age  is  its  ability  to  form  urea  out  of 
ammonium  carbonate.  Dementjeff1  found  in  examining  the  urine 
of  ten  infants  one  to  six  days  old  that  on  the  third  day  the 
ammonia  content  definitely  increases  and  becomes  0T5768  per 
cent.,  while  on  the  sixth  day  it  returns  to  that  on  the  first  day,  viz., 
0,0438  per  cent. 

The  cause  of  the  increase  of  ammonia  in  the  urine  on  the 
third  day  lies  in  the  following  factors,  viz.  : — 

(a)  The  increase  in  the  amount  of  urine  on  that  day  causes 
the  tissues  to  excrete  the  products  of  imperfect  metabolism  in 
the  new-born. 

(b)  Moreover,  on  the  third  day  breast  milk  is  secreted  in  greater 
amount  and,  therefore,  the  infant  receives  more  nitrogen  in  its  food. 

( c )  The  destruction  of  leucocytes,  as  well  as  of  nucleated 
erythrocytes,  in  the  new-born  results  in  a  great  liberation  of 
nitrogen. 

(d)  The  imperfect  metabolism  of  the  infant.  We  shall  see 
presently  that  the  proportion  of  total  nitrogen  to  urea  nitrogen 
in  the  urine  during  the  first  day  of  life  is  66  per  cent,  and  on  the 
third  day  79  per  cent.,  whilst  on  the  sixth  day  it  approaches  the 
proportion  found  in  the  adult. 

Glycogenic  Function  of  the  Liver. — In  1857  Claude  Bernard 

discovered  glycogen  (C(;H10Or>)«  in  the  liver.  This  substance  gives 

1  Quoted  by  Gundobin,  op.  ci/.,  p.  290, 


PHYSIOLOGY  OF  THE  ALIMENTARY  TRACT  473 


a  wine-red  colour  with  iodine,  and  can  in  this  manner  be  detected 
microscopically  in  sections  of  the  liver  of  an  animal  twelve  to 
fourteen  hours  after  a  hearty  meal.  In  a  fasting  animal  the 
glycogen  disappears  from  the  liver.  The  average  amount  of  this 
substance  in  the  liver,  as  determined  from  observations  made  in 
various  animals,  is  L5-4  per  cent,  of  the  weight  of  the  liver.  In 
three  new-born  infants  Camerer  found  1*0-1  *2  per  cent,  and  245 
per  cent,  respectively,  i.e.,  an  average  of  1*45  percent.,  so  that  the 
glycogenic  function  of  the  liver  is  present  during  foetal  life. 

Origin  of  Glycogen. — The  glycogen  in  the  liver  comes  from  the 
carbohydrates,  protein,  and  probably  to  a  small  extent  from  fats  in 
the  food.  Thus,  by  feeding  an  animal  largely  upon  carbohydrates 
the  total  amount  of  glycogen  in  its  liver  may  be  raised  to  17  per 
cent,  in  the  case  of  the  dog,  27  per  cent,  in  the  rabbit,  and  10 
per  cent,  in  the  case  of  man.  The  glycogen-forming  carbohydrates 
are  dextrose,  lsevulose,  maltose,  lactose,  and  saccharose  (cane  sugar). 
The  three  last-named  substances  can  only  form  glycogen  if  given 
by  the  mouth,  in  which  case  they  are,  by  hydration,  inverted  in  the 
intestine  by  the  specific  ferments,  maltase,  lactase,  and  invertin, 
into  dextrose  and  laevulose  before  absorption  into  the  blood 
(C12H22On  +  H20  =  C6H1206  +  C6H1206),  and  these  monosaccharides 
are,  on  reaching  the  liver,  converted  into  glycogen  by  dehydration. 

«(C6H1206)  -  n( H20)  =  «(C6H10O5). 

If,  however,  the  cane  sugar  or  lactose  or  any  other  disaccharide 
or  polysaccharide  be  injected  under  the  skin  it  does  not  increase 
the  formation  of  glycogen  to  any  appreciable  extent,  because  it  is 
absorbed  into  the  blood  without  previous  inversion. 

That  glycogen  can  be  formed  from  protein  is  evidenced  from 
the  fact  that  in  cases  of  severe  diabetes  or  phloridzin  diabetes 
sugar  continues  to  be  excreted  from  the  urine  even  if  the  patient 
is  fed  on  an  exclusively  protein  diet,  and  the  proportion  of  the 
amount  of  dextrose  to  that  of  nitrogen  in  the  urine  is  3 *65  :  1,  i.e., 
D  :  N  :  :  3*65  :  1,  a  ratio  which  indicates  that  both  arise  from  the 
breaking  down  of  the  protein  molecule.  The  way  this  trans¬ 
formation  takes  place  is  as  follows :  The  amino  acids  of  the 
protein  molecule  are  first  deprived  of  their  nitrogen  by  de-amina- 
tion,  e.g., 

CH3CHNH2COOH  +  H,0  =  CHXHOHCOOH  +  NH,. 

Alanin.  Lactic  acid. 

The  lactic  acid  is  then  synthesised  into  sugar — 
2CH,CHOHCOOH  =  CcH12O0. 

The  Assimilation  of  Sugar  by  the  Liver  in  Childhood. — The 
ability  of  the  liver  to  assimilate  sugar  is  not  only  a  matter  of 
scientific  interest,  but  is  one  of  practical  importance  in  children 
for  the  following  reasons  ; — - 
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1.  In  cases  of  artificial  feeding  of  infants  the  deficiency  of  the 
fat  in  the  food  is  sometimes  made  up  by  the  addition  of  an  extra 
amount  of  milk  sugar. 

2.  In  the  treatment  of  children  preparations  of  malt  are  very 
frequently  prescribed. 

3.  In  the  diagnosis  of  diabetes  the  assimilation  of  sugar  is  of 
importance. 

The  experimental  investigation  of  this  problem  is  one  which  is 
attended  with  a  considerable  amount  of  difficulty.  Naunyn,  for 
instance,  has  shown  that  some  ingested  sugar  is  absorbed  not  only 
by  the  liver  but  also  by  the  lymphatics  of  the  lower  part  of  the 
small  intestine.  Moreover,  the  ingestion  of  excessive  amounts  of 
sugar  causes  in  infants  intestinal  disturbances.  Lastly,  the  speed 
and  degree  of  the  absorption,  as  well  as  the  bacterial  fermentation 
processes  in  the  intestinal  canal,  have  in  individual  cases  a  certain 
amount  of  influence  on  the  assimilation  of  sugar. 

French  observers  like  Nobecourt,1  Terrien,2 *  and  others  tried  to 
overcome  these  difficulties  by  administering  the  sugar  hypodermi¬ 
cally.  But  by  this  method  of  administration  there  appear  local 
inflammatory  processes,  and,  moreover,  there  are  other  organs  than 
the  liver  that  possess  glycogenic  properties. 

The  assimilating  limit  for  grape  sugar  fluctuates  in  the  adult 
between  100-250  gm.  The  average  is  usually  reckoned  at  2*8  gm. 
per  kilo  body  weight.  According  to  the  calculations  of  Grosz, an 
infant  receives  daily  8*6  gm.  lactose  per  kilo  body  weight,  without 
causing  glycosuria  ;  so  that  the  sugar-assimilating  power  of  the  inf  an  f s 
liver  is  about  three  times  that  of  the  adult.  From  the  researches  of 
Keller  it  follows  that  different  sugars  are  absorbed  in  different 
degrees.  Thus,  an  infant  can  absorb  maltose  and  glucose  in 
a  greater  degree  than  lactose ;  on  the  other  hand,  according 
to  Czerny,  laevulose,  which  is  easily  absorbed  even  by  diabetics, 
causes  glycosuria  in  infants  sooner  than  any  other  sugar. 
Keller,  experimenting  on  animals,  showed  that  the  poisonous 
effects  of  sugar  depend  to  a  certain  extent  upon  the  concentration 
of  the  sugar  solution.  Lastly,  Greenfield 4  reports  that  the 
assimilating  property  of  the  liver  in  childhood  depends  only  on 
the  age  of  the  child.  He  administered  grape  sugar  in  various 
doses  to  children  between  two  and  nine  years  of  age,  and  found 
that  in  children  of  two  years  the  limit  is  0*4  gm.  per  kilo  body 
weight,  and  in  nine  years  old  children  2*8  gm.  per  kilo  body 
weight,  i.e.,  as  much  as  in  the  adult.  Should  Greenfield’s  observa¬ 
tion  be  confirmed,  then  we  can  find  a  perfect  agreement  between 


1  Rev.  Mens,  des  Maladies  des  /’ Enf. ,  1900. 

2  Presse  vied.,  1900. 

fahrb.f.  Kinderheilk,  34,  1892, 

4  Ibid.,  58,  1903,  p.  666. 
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the  anatomical  structure  of  the  liver  and  its  physiological  functions, 
since,  as  we  have  already  seen,  the  liver  of  a  child  of  eight  years 
old  is  indistinguishable  in  its  microscopic  structure  from  that  of 
an  adult. 

The  Ability  of  the  Live r  to  Destroy  Putrefactive  Products  of  the 
Intestine. — Of  great  significance  is  the  ability  of  the  liver  to  convert 
certain  decomposition  products  of  the  intestine,  such  as  phenols, 
into  ethereal  sulphates.  The  degree  of  protein  decomposition  in 
the  intestine  is  estimated  by  the  amount  of  indican  excreted  in 
the  urine.  Clinical  observations  have  shown  that  in  the  case  of 
cirrhosis  of  the  liver  the  amount  of  indican  in  the  urine  is  in¬ 
creased.  On  the  other  hand,  milk  diet  diminishes  the  decomposi¬ 
tion  process  in  the  intestines  (see  p.  499),  and  for  this  reason 
breast  infants ’  urine  contains  no  indican  (Senator  and  others).  Still, 
Nomidlowsky  and  Concetti  have  constantly  found  in  healthy 
artificially  fed  children  a  small  amount  of  indican  in  the  urine. 
The  cause  of  this  seems  to  lie  in  the  greater  digestibility  of 
human  milk.  Gundobin  and  Korsheff  have  shown  that  the  stools 
of  breast-fed  babies  contain  no  phenol,  indol,  or  skatol,  except  in 
cases  of  dyspepsia,  but  in  artificially  fed  infants  these  products  are 
not  very  rarely  found  in  the  stools.  These  observations  show 
that  during  infancy  the  liver’s  ability  to  neutralise  these  putrefactive 
products  is  a  considerable  though  feeble  one. 

Dementjeff  gave  new-born  babies  albumen  water,  prepared  by 
dissolving  the  white  of  one  to  three  eggs  in  100  gm.  of  water.  He 
found  that  a  solution  of  the  white  of  one  egg  in  100  gm,  of  water 
caused  the  appearance  of  indican  in  the  urine  in  three  cases  out 
of  seven,  and  when  three  whites  in  100  gm.  of  water  were  given, 
there  were  caused  disturbances  in  the  activity  of  the  intestinal 
canal.  Further,  it  is  a  well-known  fact  that  new-born  babies 
cannot  tolerate  egg  albumen,  and  yet  in  infantile  diarrhoea  albumen 
water  is  so  often  prescribed.  Its  nutritive  value  is  nil,  whilst  the 
harm  that  it  can  do  is  considerable.  It  is  preferable,  therefore, 
to  prescribe  saline  lactose  in  such  cases  instead  of  albumen  water, 
at  any  rate  in  the  case  of  very  young  infants. 

As  an  indirect  additional  proof  that  the  liver  of  the  new-born 
baby  possesses  only  feeble  power  of  neutralising  toxic  substances 
in  the  intestines,  is  also  to  be  mentioned  the  fact  that  the  urine  of 
the  new-born  possesses  a  higher  toxicity  when  compared  with  that 
of  an  older  infant. 

As  regards  the  other  functions  of  the  liver,  it  is  to  be  remarked 
that  Salmon  found  glycogen  in  the  livers  of  stillborn  infants,  and 
Charrin  and  Petrone  attribute  to  the  liver  of  the  new-born  the 
power  of  neutralising  the  toxic  effects  of  alkaloids.  This  has  been 
confirmed  by  Terrien.1 


1  Soc.  de  red.,  1908. 
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Haematopoietic  Function.— It  is  believed  by  some  that  the 
ability  of  the  foetal  lines  to  form  red  blood  corpuscles  is  retained 
during  early  infancy. 

Summary.— The  liver  of  the  new-born  infant  possesses  all  the 
important  properties  of  the  adult  liver,  but  in  a  less  perfect  degree. 


SECTION  IV 

The  Pancreas  and  its  Secretions. 

Physiological  Anatomy  of  the  Pancreas.— An  old  book  on 
anatomy  dismisses  the  pancreas  with  the  statement  that  “it  is 
an  organ  which  is  very  difficult  to  find,  and  has  therefore  no 
interest  for  us.”  We  shall  see  that  the  pancreas  is  an  organ  which 
is  of  enormous  importance. 

The  following  table  gives  the  dimensions  and  weight  of  the 
pancreas  at  various  ages  from  early  intra-uterine  life  onwards  : — 


Age. 

Weight 
in  Gm. 

Length 
in  Cm. 

Breadth 
in  Cm. 

Thickness 
in  Cm. 

Foetus,  3  months  - 

0*07 

LI 

0-3 

5  ? 

4  5, 

0T45 

L65 

0-5 

0-2 

5  5 

5  „ 

0-38 

3-2 

0-7 

0-3 

?  5 

6 

0-38 

3-2 

0-7 

0-4 

55 

7  55 

0-76 

4*35 

0-8 

0-4 

J  > 

8  „ 

L18 

4-32 

TO 

0-5 

5  ? 

9  „  -  - 

1-63 

5-7 

1*2 

0-5 

55 

birth 

2-63 

5-8 

1-2 

0-6 

1-2  months  - 

2-61 

6-93 

L2 

0-6 

2-3 

55  -  - 

2 '64 

7-54 

L2 

0*6 

3-4 

55 

4-93 

7-46 

L8 

0-7 

4-5 

5? 

5-4 

7-5 

1*9 

0-8 

5-6 

5-28 

7-0 

1*5 

0-7 

6-9 

7-37 

8-2 

1*8 

0-8 

9-12 

8-67 

9-5 

L6 

0-7 

1-2  y 

ears 

9-68 

9-63 

2-0 

0-8 

9  3 

j-i»J 

16-0 

10-5 

2-5 

L0 

3-4 

17-4 

12-6 

2*2 

L0 

4-5 

5? 

18-8 

11-6 

2-4 

LI 

10 

29-0 

13-4 

3-0 

1*2 

I 

From  this  table  it  follows  that  the  pancreas  grows  rapidly 
during  intra-uterine  life,  so  that  its  weight  increases  forty-fold  from 
the  third  month  of  intra-uterine  life  to  the  moment  of  birth.  After 
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birth  its  weight  doubles  itself  at  about  three  or  four  months,  a 
fact  which  coincides  with  the  increase  of  its  functional  activities. 
Its  subsequent  growth  takes  place  relatively  slowly.  It  is  only 
between  the  second  and  third  year  that  a  notable  increase  in 
weight  occurs,  a  fact  which  is  in  agreement  with  physiological  data. 

Physiology  of  Pancreas. — The  pancreatic  juice  of  the  adult 
contains  three  important  digestive  ferments,  viz.,  the  proteolytic 
ferment,  trypsin ;  the  starch-digesting  ferment,  amylopsin ;  and 
the  fat-splitting  ferment,  ,steapsin.  According  to  the  researches 
of  Hartge,  all  these  three  ferments  are  present  in  the  human 
foetus  from  the  third  month  onward,  i.e.,  at  a  time  when  the  foetus 
has  a  length  only  of  9*8  cm.  and  a  weight  of  only  26  gm.  That 
the  juice  is  actually  secreted  during  intra-uterine  life  is  evident 
from  the  fact  that  the  trypsin  and  amylopsin  can  be  detected  in  the 
meconium  of  the  foetus  from  the  fourth  month  onwards.  At  birth 
the  amount  of  trypsin,  amylopsin,  and  steapsin  is  less  than  in 
the  adult. 

The  amount  of  pancreatic  ferments  is  decreased  in  cases  of 
congenital  syphilis  and  chronic  intestinal  trouble.  According 
to  Pless,1  steapsin  may  be  deficient  in  cases  of  acute  enteritis, 
although  trypsin  and  amylopsin  may  be  present  in  considerable 
amounts.  The  fat-splitting  ferment  is  not  present  as  such,  but 
as  a  pro-enzyme,  which  is  changed  into  steapsin  by  the  action  of 
the  bile. 


SECTION  V 

Intestinal  Digestion  and  Absorption 

The  frequency  with  which  affections  of  the  intestine  occur  in 
infancy  makes  the  study  of  the  intestine  in  the  child  of  very  great 
importance. 

Physiological  Anatomy  of  the  Intestinal  Tract. 

The  Linear  and  Superficial  Dimensions  in  Terms  of  “  Sitting 
Heights — In  the  adult  it  has  been  found  that  the  average  total 
length  of  the  small  intestines  is  about  ten  times  the  sitting 
height  of  the  individual.  (The  sitting  height  being  the  total 
height  of  the  individual  less  the  length  of  the  lower  limbs,  i.e.,  the 
distance  between  the  buttocks  and  the  top  of  the  head.)  Thus 
the  average  length  of  the  intestines  in  the  adult  is  870  cm.,  whilst 
the  average  sitting  height  of  an  adult  is  84*62  cm.  Henning2 
found  the  same  relationship  to  hold  good  in  infants  and  children. 

1  Amer.  fount.  Dis.  Child.,  v.,  1913,  p.  *268. 

2  Centralbl.  f.  Med.  Wochenschr. ,  1881,  p.  431. 
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The  circumference  of  the  intestine  is  not  easy  to  determine 
directly  since  its  diameter  varies  at  different  parts  of  the  canal, 
but  its  average  value  can  be  determined  indirectly  if  one  knows 
the  total  surface  area  of  the  intestine,  since  the  total  surface  area 
of  any  cylinder  equals  the  product  of  the  circumference  multiplied 
by  length. 

V.  Pirquet 1  gives  the  following  values  for  the  adult : — 


Total  surface  of  small  intestine  in  a  state 
of  rest  -  -  -  - 

Total  surface  of  small  intestine  fully 
distended  - 

Total  surface  of  the  small  intestine  in 
a  state  of  medium  distension 
But  length  of  the  intestines 
Therefore  circumference  = 

o  ( U 


=  5’000  sq.  cm. 

=  10-000  „ 

=  7,500  „ 

=  870  cm. 


From  this  it  follows  that  the  average  length  of  the  circumference 
is  Y-  of  the  total  length  of  the  intestine. 

Hence  intestinal  surface  area  =  1J(|  (length)2. 

But  length  of  intestine  =10  times  the  sitting  height. 

And  circumference  =  ~  of  the  sitting  height. 

.  \  Area  of  intestine  =  (sitting  height)2. 


Relation  between  Intestinal  Area  and  Amount  of  Food  Taken . — 
V.  Pirquet  finds  that  there  is  a  constant  relationship  between  the 
total  daily  amount  of  food  taken  by  an  individual  and  the  surface 
of  his  intestine,  viz.,  that  no  matter  what  the  age  of  the  individual, 
the  amount  of  nourishment  taken  (expressed  in  terms  of  the  food 
value  of  milk)  is  Y  gm#  of  milk  per  sq.  cm,  of  intestinal  area. 
Thus,  an  infant  a  few  days  old  had  a  sitting  height  of  2 7 '5  cm.,  and 
it  drank  360  gm.  of  milk  per  day. 

Since  length  of  intestine  =  10  times  sitting  height. 

Therefore,  length  of  intestine  =  275  cm. 

Circumference  of  intestine  =  10()  intestinal  length  =  2 '75  cm. 

Therefore  surface  area  of  intestine  =  275  x  2*75  =  7575  sq.  cm. 

And  amount  of  milk  per  square  centimetre  of  intestine 

~  7575  ~~  ^  Y7 O  —  jq  gm- 

The  same  was  found  to  be  the  case  in  the  adult  doing  a 
moderate  amount  of  work. 

Hence,  although  in  relation  to  body  weight  an  adult  takes 
7*7  per  cent,  of  milk  equivalent,  and  an  infant  takes  20  per  cent, 
of  milk  equivalent,  per  unit  intestinal  area ,  persons  take  the  same 
amount  of  nourishment  (in  terms  of  milk)  at  every  age.  This  may 


1  Zeiischr.  f  Kinder hcilk,  1017. 
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be  termed  V.  Pirquef  s  law  of  intestinal  area ,  and  it  corresponds  to 
Rubner’s  law  of  skin  area  (see  p.  401).  This  correspondence  is, 
indeed,  to  be  expected,  for  the  mucous  surface  of  the  intestine  lines 
the  body  internally  in  the  same  way  as  the  skin  covers  it  externally. 


V.  Pirquet 1  gives  further  interesting  relationships.  He  hnds  that — 

1.  The  relation  between  the  cube  root  of  the  weight  of  an  individual  and  his 
sitting  height  is  the  same  at  all  ages.  Thus — 


Foetus. 

New-born. 

8  Years. 

Adult. 

(a)  Weight  in  gm.  (?t>)  - 

(b)  °Jw 

(c)  Sitting  height  - 

350 

7-04 

17-0 

2,900 

14-3 

32-0 

22,300 

28-1 

66’0 

73,300 

41-9 

93-0 

Relation  -  -  -  : 

c 

0T15 

0-446 

0-426 

0-450 

F'2.  If  we  multiply  the  weight  by  10  and  then  extract  the  cube  root  we  get  the 
following  results  : — 


(bf  VlO iv  - 

15-2 

30-7 

60-5 

90-1 

Relation  ^  - 

0-89 

0-96 

0-92 

0-97 

c 

From  this  we  learn  that  at  all  ages 

Sitting  height  =  V lOw. 

But  sitting  height  —  Yarea  of  intestine. 

A  rea  of  intestine  —  Y 1 00  zv~. 

Example. — A  man  has  a  sitting  height  of  90  cm.  What  is  the  area  of  his 
intestine,  and  what  is  his  body  v/eight  ? 

Area  of  intestine  =  902  =  8100  sq.  cm. 

Body  weight  — =  72900  gm.  =72'9  kg. 

The  Structure  of  the  Intestinal  Tract  in  Infancy  and  Childhood. 

(a)  The  mucous  folds  and  the  valvulse  conniventes  are  more 
abundant  in  childhood,  but  their  lengths  and  heights  are  distinctly 
smaller  than  in  the  adult. 

f)  The  mucous  membrane  is  absolutely  and  relatively  more 
developed  than  the  muscular  layer ;  it  is  very  delicate  and  vascular, 
and  more  cellular  as  compared  with  the  adult. 


1  Zeitschrf.  Kinderheilk ,  14,  1916. 
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(c)  The  number  per  unit  area  of  villi  and  Lieberkiihn’s  follicles 
(/.<?.,  the  simple  tubular  glands  opening  between  the  villi)  is 
approximately  the  same  as  or  possibly  greater  than  in  the  adult. 
But  one  occasionally  comes  across  in  children  follicles  with  split 
peripheral  (blind)  ends — indicating  their  imperfect  development. 
The  great  number  of  these  glands  at  birth  is  significant  in  view 
of  the  fact  that,  as  we  shall  see,  the  succus  entericus  has  an  important 
influence  on  the  secretion  of  the  pancreas. 

(d)  The  size  of  the  villi  and  follicles  is  less  in  children  than  in 
adults. 

(e)  Brunner's  Glands  (i.e.,  convoluted  glands  embedded  in  the 
duodenal  submucosa  and  opening  on  the  surface  of  the  mucosa) 
are  feebly  developed  in  children  before  six  months,  and  are 
tubular  rather  than  acinous.  As  Brunner’s  glands  have  to  do  with 
the  digestion  of  starch  the  imperfect  development  of  these  glands 
in  early  infancy  is  a  matter  of  great  physiological  and  practical 
significance. 

(/)  The  submucous  tissue  is  less  in  quantity  and  more  delicate 
in  character.  The  elastic  fibres  are  feebly  developed — a  fact  which 
explains  the  greater  vulnerability  of  the  infant’s  intestines. 

(g)  The  muscular  layer  is  imperfectly  developed  (see  (£)). 

(/z)  The  lymphatic  apparatus  is  relatively  great  in  children. 
The  lumen  of  the  lymphatics  is  relatively  wide.  The  number  of 
solitary  follicles  increases  after  birth,  whilst  the  number  of  Beyer’s 
patches  shows  great  individual  fluctuation.  In  all  probability  the 
dimensions  of  the  individual  patches  increase  with  age  of  the  child. 
The  more  roomy  disposition  of  the  solitary  follicles  in  the  Peyer’s 
patches  in  infancy  possibly  explains  the  comparative  rarity  of 
typhoid  ulceration  of  the  intestine  in  young  babies,  as  the  swelling 
of  neighbouring  follicles  produces  no  pressure  on  one  another  (and 
consequently  no  ulceration)  on  account  of  the  greater  distance 
between  them. 

(/)  The  nerve  bundles  show  the  same  peculiarities  as  in  the 
case  of  the  stomach. 

From  what  has  been  said,  it  follows  that  absorption  from  the 
intestine  must  take  place  more  energetically  in  early  childhood 
than  in  later  life.  Also  the  imperfect  development  of  the 
muscularis  and  of  the  nerve  fibres,  as  well  as  the  delicacy  and 
vascularity  of  the  mucosa,  together  with  the  feeble  development  of 
the  submucosa,  explain  the  great  frequency  of  intestinal  disorders 
in  early  life. 

Gundobin 1  gives  figures  from  which  the  following  table  is 
constructed,  showing  the  number  and  dimensions  of  the  valvulae, 
villi,  and  glands  in  the  new-born  and  adult. 

1  Jahrb.  f.  Kinderheilk ,  33,  1892,  p.  439. 
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New-born. 

Adult. 

Valvulse  (folds  in  small  intestine) 

200-400 

706-900 

Villi  in  jejunum  per  sq.  mm. 

17-26 

8-16 

Villi  in  ileum  per  sq.  mm. 

15-23 

7-12 

Brunner’s  glands  per  1  cm. 
distance 

6-34 

3-12 

Length  of  Lieberkiihn’s  glands  - 

0  095-0-110 

0-2-0-3 

Width  of  same  at  the  base 

0-016-0-035 

0-045  0-050 

Number  of  solitary  follicles  per 

4  sq.  mm.  of  small  intestine 

20-7 

6-2 

The  same  per  4  sq.  cm.  of  large 
intestine 

67-5 

18-6 

Total  number  of  follicles  in 
small  intestine  (32,848  and 
764  sq.  cm.  respectively) 

3,954 

5,080 

Total  number  of  follicles  in 
large  intestine  (1,006  and  152 
sq.  cm.  respectively) 

2,572 

4,678 

Relation  between  thickness  of 
mucosa  and  that  of  muscu- 
laris  in  the  small  intestines 

23  :  26 

27:41 

Secretin,  Enterokinase,  and  Erepsin. 

A  question  that  troubled  the  minds  of  physiologists  was  :  “  Why 
does  not  the  pancreas,  in  virtue  of  its  own  secretion,  digest  itself?” 
This  was  solved  by  Bayliss  and  Starling  in  1902,1  who  showed  that 
the  pancreatic  juice  is  secreted  only  when  a  hormone  called 
secretin ,  which  is  liberated  by  the  mucous  membrane  of  the 
duodenum,  is  carried  by  the  blood  to  the  pancreas.  They  found 
that  if  the  duodenal  or  jejunal  mucous  membrane  is  scraped  and 
treated  with  0*4  per  cent.  HC1,  and  the  extract  thus  made  be  injected 
into  the  blood,  secretion  of  pancreatic  juice  begins.  This  secretion 
is  only  set  free  when  acids,  inorganic  or  organic,  are  discharged 
from  the  stomach  into  the  duodenum.  The  pancreas  secretion 
obtained  from  a  fistula  has  little  action  upon  proteins,  but  it  assumes 
proteolytic  properties  if  mixed  with  an  extract  of  duodenal  mucous 
membrane  Secretin  has  been  found  in  the  foetus  and  in  the 
new-born  infant.  Trypsin  is  found  in  the  adult  pancreas  as 
trypsinogen.  Many  foetuses  have  trypsinogen,  but  no  trypsin. 

The  secretion  of  enterokinase ,  which  is  called  forth  by  the 
pancreatic  juice,  has  been  shown  by  Ibrahim  to  be  present  in 
foetuses  and  new-born  babies.  Erepsin ,  the  intestinal  ferment 

1  Journ .  Physiol .,  1902  and  1903. 
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which  helps  the  pancreatic  ferment  to  split  up  the  proteoses  and 
peptones,  the  result  of  digestion  of  proteins  into  amino  acids,  has 
been  found  in  the  foetus. 

The  Digestio?i  of  Fat. — We  have  seen  that  saliva  contains  no 
fat-splitting  ferment,  and  that  although  a  lipase  was  found  in  the 
stomach,  the  amount  of  actual  fat  digestion  in  the  stomach  is  very 
small,  since  the  action  of  the  ferment  is  eventually  stopped  by  the 
acid  reaction  of  the  stomach  contents.  That  the  lipase  is  actually 
formed  in  the  stomach,  and  is  not  due  to  regurgitation  from 
the  duodenum,  is  seen  from  the  fact  that  even  after  putting  a 
ligature  on  the  pylorus  the  ferment  is  still  found  in  the  stomach. 
Gastric  juice,  however,  has  an  indirect  effect  upon  fats,  in  that 
when  the  milk  is  coagulated  by  rennin  the  fat  is  ensnared  within 
the  meshes  of  casein  curds,  so  that  when  the  gastric  contents 
reach  the  intestines  there  is  no  excess  of  fat  liberated  into  it  at 
one  time.  Tobler  and  Bogen  1  found  that  the  greater  the  amount 
of  fat  in  the  stomach,  the  longer  the  latter  takes  to  empty  itself. 
Tobler'2  further  found  that  excess  of  fat  in  the  stomach  causes 
spasmodic  contraction  of  the  pylorus.  He  also  calculated  that 
1  litre  of  milk  would  cause  lj  litres  of  gastric  juice  to  be  secreted.3 

The  digestion  of  fat  really  begins  in  the  small  intestine,  where 
it  is  divided  into  fine  particles  by  the  alkaline  salts  of  the  bile  and 
of  the  pancreatic  and  intestinal  juices.  The  steapsin  then  splits 
the  particles  of  fat  into  glycerol  and  fatty  acids,  which  latter  unite 
with  the  alkaline  carbonates  to  form  soap  emulsions. 

Absorption  of  Fat. — Fat  cannot  be  absorbed  by  the  epithelium 
of  the  intestinal  villi,  unless  it  has  been  previously  split  up  (in  the 
manner  described  above),  saponified,  and  emulsified.  When  the 
soaps  have  passed  through  the  epithelium  of  the  intestinal  villi,  they 
are  probably  changed  back  into  neutral  fat  by  the  reversible  action 
of  lipase,4  since  the  lymph  stream  only  contains  neutral  (unsplit)  fat. 
This  was  well  demonstrated  by  Whitehead.  He  fed  cats  on  butter- 
fat  stained  with  Sudan  III.,  and  he  found  that  in  the  epithelium  of 
the  villi  the  stain  was  lost  (because  soaps  do  not  stain  with 
Sudan  III.),  whilst  within  the  lacteals  of  the  villi,  Sudan-stained 
fat  was  again  found.  There  is  no  satisfactory  evidence  to  show 
that  the  fat  is  carried  from  the  epithelium  to  the  lacteal  by  means 
of  the  leucocytes.  Most  of  the  fat  from  the  lacteals  goes  into  the 
thoracic  duct,  and  thence  into  the  blood.  Samelson  5  has  found  a 
lipase  in  the  blood  of  the  infants  in  the  same  way  as  it  has  been 
found  in  adults.  It  is  also  found  in  muscle,  liver,  etc.,  so  that  fat, 

1  Monatschr.  f.  Kinderheilk ,  vii.,  12. 

2  Verhandl.  d.  Geseltsch.  f.  Kinderheilk ,  1907,  411. 

3  See  Morse  and  Talbot,  “  Diseases  of  Nutrition,”  London,  1915. 

4  Loevenhart,  Amer.  fount.  Physiol . ,  6,  1902,  p.  331. 

5  Zeitschr.  f.  Kinderheilk ,  iv.,  1912,  205. 


V.  HUTINEL. 


r.  Nobecourt. 


PHYSIOLOGY  OF  THE  ALIMENTARY  TRACT  483 


in  virtue  of  the  reversible  action  of  the  lipase  in  the  tissues,  may 
be  split  and  synthesised  a  number  of  times. 

Digestion  Lipcemia. — This  is  the  name  given  to  the  condition  in 
which  fat  is  found  in  the  blood  after  a  meal.  It  commences  two  to 
three  hours  after  a  meal,  and  disappears  after  seven  to  eight  hours. 
The  amount  of  fat  in  the  blood  varies  with  the  amount  of  fat  ingested 
with  the  food,  as  well  as  with  the  health  and  the  age  of  the  infant. 
In  healthy  children  90-98  per  cent,  of  the  ingested  fat,  whether  in 
human  or  in  cow’s  milk,  may  be  absorbed.1  Between  8  per  cent, 
and  1 1  per  cent,  of  the  fat  is  absorbed  in  the  upper  part  of  the 
small  intestine,  and  by  the  time  the  food  reaches  the  ileo-caecal 
valve,  nearly  all  the  fat  has  become  absorbed. 

Fat  in  the  Stools. — Czerny  and  Keller  estimated  the  amount  of 
fat  in  the  stools  during  starvation  as  well  as  in  health,  and  came  to 
the  conclusion  that  the  faecal  fat  came  in  great  part  from  the 
ingested  food,  and  not  from  the  intestinal  secretion.  Hence  it 
follows  that  an  estimation  of  the  amount  of  fat  in  the  stools  of 
infants  will  afford  a  good  idea  with  regard  to  the  digestion  and 
absorption  of  fat.  The  normal  amount  of  fat  in  the  stools  in  the 
first  days  of  life  has  been  shown  by  Talbot 2  to  be  as  high  as 
50  per  cent,  of  the  dry  stools,  and  to  decrease  gradually  as  the 
infant  gets  older  to  between  14-25  per  cent.  It  is,  however,  not 
true  to  infer  from  this  that  absorption  of  milk  fat  is  bad  in  young 
infants.  On  the  contrary,  as  we  have  already  seen,  90-98  per  cent, 
of  ingested  fat  is  absorbed  during  early  infancy,  and  in  one 
instance  Nobecourt  and  Merklen 3  found  a  fat  absorption  of  as 
high  as  99 '7  per  cent,  in  a  healthy  breast-fed  baby. 

The  appearance  of  soaps  in  the  infant’s  faeces  is  no  absolute 
indication  of  faulty  digestion  of  fats.  It  may  in  some  cases  be  due 
rather  to  the  excess  of  calcium  contained  in  cow’s  milk  (which, 
being  intended  for  the  rapidly  growing  tissues  of  the  calf,  contains 
comparatively  large  quantities  of  calcium  and  phosphorus).  This 
combines  with  the  fatty  acid,  and  is  excreted  as  insoluble  soaps. 

Bosworth,  Bowditch,  and  Giblin  4  fed  infants  on  cow’s  milk, 
from  which  the  excess  of  Ca  was  removed,  and  found  that  the 
apparent  fat  intolerance  disappeared.  Holt,  Courting,  and  Fales,5 
however,  deny  that  a  high  calcium  content  of  milk  necessarily 
causes  a  large  fat  loss  in  the  faeces,  and  believe  it  to  be  “safer  to 
allow  an  excess  of  calcium  in  the  intake,  rather  than  to  run  any 
risk  of  providing  less  calcium  than  is  needed  for  the  normal  growth 
of  bones.”  The  matter  is  by  no  means  settled  yet. 

1  Freund,  Erobn.  d.  inneren.  Med.  u.  Kinderheilk ,  iii.,  1909,  139. 

2  Boston  Med.  and  Surg.  [onm. ,  cxi.,  No.  1,  1909,  13. 

::  Rev.  Mens,  des  Mai.  de  /’ Enfance,  xxii.,  1904,  337. 

4  Amer.  [onm.  Dis.  Child.,  June  1918,  p.  397. 

5  Ibid.,  July  1918,  p.  52. 
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Fat  Absorption  in  Ftealth  and  Disease. — We  have  just  seen  that 
in  healthy  babies  the  absorption  of  fat,  whether  in  breast  or  bottle 
babies,  is  extraordinarily  good.  Freund 1  has  shown  that,  even 
under  abnormal  conditions  of  nutrition,  fat  absorption  in  babies 
may  remain  perfectly  normal. 

Any  kind  of  diarrhoea,  however,  whether  due  to  intestinal 
toxaemia  or  excess  of  sugar,  or  any  other  cause,  may,  as  the 
consequence  of  increased  peristalsis,  result  in  deficient  fat  absorp¬ 
tion.  Courtney 2  found  in  the  case  of  diarrhoea  the  amount  of 
fat  absorbed  to  have  been  as  low  as  34*2  per  cent.  Talbot 
and  Hill 3  found  that  in  “sugar  diarrhoea,”  caused  by  excessive 
administration  of  lactose,  the  fat  absorption  dropped  from  90  to  75 
per  cent.  Similar  results  were  found  by  Usuki  with  malt  extract. 

Uffelmann  also  found  a  diminution  of  fat  absorption  in  an 
infant  eight  months  old  suffering  from  acute  bronchitis.  He  gives 
the  following  table 

Fat. 


4th  day 

- 

40*7 

per  cent. 

of  dried  stool. 

7th  „ 

- 

37*8 

33 

33 

9th  „ 

- 

25*0 

33 

33 

13th  „ 

- 

-  15*2 

33 

33 

Fat  Absorption  in  Marasmus. — By  true  marasmus  must  be 
understood  the  condition  of  extreme  wasting  in  infants,  which  is 
not  due  to  any  constitutional  cause,  such  as  chronic  tuberculosis 
or  congenital  syphilis,  nor  to  any  local  disease,  nor  to  prematurity. 

Ohmuller4  analysed  the  amount  of  fat  in  the  body  of  a 
marasmic  infant  and  compared  it  with  that  of  a  normal  infant, 
and  found  it  to  be  3  per  cent,  and  21  per  cent,  respectively.  The 
analyses  of  Steinitz5  give  the  figures  as  1  *45-1*99  per  cent.,  and 
12*3-13*1  per  cent,  respectively  (see  p.  312). 

Tobler  and  Bessau  G  quote  many  authorities  who  found  all 
digestive  ferments  diminished  in  cases  of  marasmus,  but  especially 
so  of  the  amount  of  steapsin.  Indeed,  there  seems  to  be  a 
relationship  between  the  amount  of  the  fat-splitting  ferment  and 
the  severity  of  the  disease.  Secretin  is  also  absent  or  greatly 
diminished  in  these  cases.7  It  is  therefore  to  be  expected  that  fat 
absorption  would  be  much  diminished  in  this  condition.  This  has 
been  found  to  be  the  case.  Thus  Meyer  8  found  the  absorption 
to  be  as  low  as  74*2-24*9  per  cent. 

1  Loc.  cit.,  158-159.  2  Amer.  Journ.  Dis.  Child.,  i.,  1911,  321. 

3  Ibid.,  viii.,  1914,  p.  218.  4  Zeitschr.  f.  Biol.,  xviii.,  1882,  p.  78. 

5  Jahrb.f.  Kinderheilk ,  1904,  417. 

15  “  Allgemeine  pathol.  Physiologie  der  Ernahrung  und  des  Stoffwechs  iin 
Kindesalter,”  Wiesbaden,  1914. 

7  Wentworth,  Amer.  J burn .  Dis.  Child.,  xlix.,  1907,  204. 

8  Jahrb.f.  Kinderheilk ,  71,  1910,  p.  371. 
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The  occasional  post-mortem  finding  of  a  fatty  liver  in  this 
condition  is  explained  by  the  reversible  action  of  the  lipase. 

Wentworth 1  found  that  in  marasmus  the  babies  can  digest 
human  better  than  cow’s  milk  fat. 

Tubercular  Peritonitis. — In  this  condition,  owing  to  the  caseous 
deposits  in  the  mesenteric  glands,  the  fat  cannot  pass  through 
them  to  the  thoracic  duct.  It  is  therefore  to  be  expected  that 
fat  absorption  should  be  diminished.  This  has  been  found  to  be 
the  case.2 

Congenital  Obliteration,  or  Absence  of  the  Bile  Duct. 

Hecht,  Reuss,  Niemann,  Koplik,  and  Crohn  have  reported 
cases  of  these  conditions  in  babies  with  a  normal  pancreas  in 
which  the  absorption  of  fat  was  only  28-50  per  cent,  of  the  amount 
ingested,  although  the  nitrogen  absorption  was  between  80  and  93 
per  cent.  This  shows  that  bile  is  as  necessary  for  the  digestion 
and  absorption  of  fats  in  infants  as  it  is  in  the  adult. 

Skin  Diseases. 

Czerny,  Weigert,  as  well  as  Towle  and  Talbot,  found  both 
experimentally  and  clinically  that  fat  is  harmful  in  cases  of  eczema 
and  similar  skin  eruption. 

The  Digestion  and  Absorption  of  Carbohydrates. 

The  ferments  concerned  with  the  digestion  of  carbohydrates 
are  : — 

1.  Ptyalin  of  the  saliva,  which,  we  have  seen,  is  found  in  both 
the  parotid  and  submaxillary  glands  of  new-born  babies. 

2.  Aniylopsin  of  the  pancreatic  juice,  which  is  also  found  in 
new-born  babies. 

3.  Lactase,  maltase,  and  invertin  have  been  found  in  the  small 
intestine  at  birth. 

It  is  therefore  seen  that  babies  at  birth  possess  the  ability  of 
digesting  starch  and  other  carbohydrates.  This  power  is,  however, 
feeble,  and  increases  as  the  baby  grows  older.  Finizio  8  has  shown 
that  it  is  twice  as  strong  at  eight  months  as  it  is  at  birth,  and  at 
one  year  it  is  almost  as  strong  as  at  three  years. 

Effect  of  Disease  on  the  Carbohydrates-Splitting  Ferment. 

This  is  not  quite  settled.  Some  observers,  like  Orban,  found 
that  in  cases  of  babies  suffering  from  enteritis  their  stools  contain 
no  lactase,  and  that  when  the  intestinal  mucous  membrane  was 
injured  experimentally,  lactase  ceased  to  be  secreted.  On  the 

1  Arch.  hit.  Med.,  vi.,  1910,  420. 

2  Amer.  Journ.  Dis.  Child.,  iv.,  1912,  p.  99. 

:i  Rev.  d.  Hyg.  el  Med.  Inf.,  viii.,  1909,  224. 
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other  hand,  Langstein  and  Steinitz  found  lactase  in  the  stool  of 
babies  suffering  from  enteritis. 

Carbohydrates. — Forms  commonly  used  in  infant  feeding  : — 


Milk  Sugar  Group. 

Cane  Sugar  Group. 

Malt  Sugar  Group. 

•  •  • 

Lactose  (milk  sugar)  - 

Dextrose  and  Galactose 

Saccharose  (cane 
sugar)  ^ 
Dextrose  and 
Ltevulose 

Starch  (amylose). 

> 

Dextrin  (amylo-dextrin ). 

Erythro-  and  achroo- 
dextrin.^ 

Maltose  (malt  sugar). 

Dextrose  and  dextrose. 

The  above  table  shows  not  only  the  forms  of  carbohydrates 
used  in  infant  feeding,  but  the  changes  which  they  undergo  in  the 
process  of  digestion.  From  this  it  is  seen  that  the  end  products 
of  all  forms  of  carbohydrates  are  monosaccharides.  These  are 
carried  by  the  portal  vein  to  the  liver,  where  they  are  transformed 
into  glycogen.  This  process  of  transformation  and  storage  of 
glycogen  in  the  liver  and  muscles  depends  in  some  way  upon  the 
pancreas,  since  experimental  extirpation  of  this  organ  stops  the 
formation  of  glycogen  in  the  liver,  and  causes  the  appearance  of 
sugar  in  the  urine. 

The  object  of  the  glycogen  is  to  furnish  a  supply  of  sugar 
to  the  body  whenever  that  substance  is  necessary. 

Percentage  of  Sugar  in  the  Blood. 

The  blood  normally  contains  about  0T5  per  cent,  of  dextrose. 
Whenever  there  is  a  fall  in  the  percentage  of  sugar  in  the  blood, 
glycogen  is  quickly  converted  into  sugar  and  taken  up  by  the 
blood.  On  the  other  hand,  any  disturbance  in  the  glycogenic 
function  of  the  liver  results  in  a  hyperglycemia,  leading  to 
glycosuria. 

Absorption  of  Carbohydrates. 

These  are  absorbed  as  monosaccharides.  The  disaccharides 
are  acted  on  by  the  invertin,  lactase,  etc.,  of  the  succus  entericus, 
and  are  converted  into  monosaccharides  as  already  explained. 
The  greater  part  of  sugar  absorption  takes  place  in  the  small 
ntestine,  although  some  may  also  occur  in  the  large  bowel. 
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Action  of  Bacteria  upon  Carbohydrates. 

We  shall  refer  to  the  bacteria  of  the  intestine  presently.  These 
organisms  attack  not  only  cellulose  but  also  other  carbohydrates, 
splitting  them  up  into  lactic,  acetic,  formic,  and  butyric  acids,  and 
alcohol,  with  the  evolution  CO.„  H2,  and  CH4.  When  there  is 
excess  of  sugar  in  the  diet,  or  when  there  is  deficient  sugar 
absorption,  the  large  production  of  acid  may  irritate  the  bowel  and 
cause  diarrhoea. 

Under  normal  conditions  sugar  is  entirely  absorbed  before  it 
reaches  the  rectum,  but  when,  as  the  result  of  indigestion,  there 
is  increased  peristalsis,  there  may  not  be  sufficient  time  for  the 
sugar  to  be  absorbed,  and  some  of  it  may  appear  in  the  stools. 

Carbohydrate  as  a  Protein  Sparer. 

Keller,  as  well  as  Talbot  and  Hill,1  have  shown  that  carbo¬ 
hydrates  act  as  protein  sparers  in  that,  when  they  are  administered, 
less  nitrogen  appears  in  the  stools.  This  may  be  due  to  one  of 
two  causes,  viz.  : — 

Either  ( a )  the  carbohydrates  help  in  some  way  the  more 
perfect  absorption  of  proteins ;  or  (b)  in  the  presence  of  the  carbo¬ 
hydrates  the  bacteria  use  the  carbohydrates  in  preference  to  the 
protein,  and  form  less  ammonia  nitrogen  to  be  carried  away  in  the 
stools. 

The  work  of  Kendall  and  Farmer  shows  that  the  second 
explanation  is  the  correct  one. 

These  observers  have  found  that  when  sugar  is  mixed  with 
other  food  in  a  test-tube  there  is  less  ammonia  nitrogen  formed 
by  bacterial  action  than  when  sugar  is  absent. 

The  Digestion  and  Absorption  of  Protein. 

The  proteins  are  acted  upon  by  the  various  enzymes  as  follows  : 
The  pepsin  of  the  gastric  juice  splits  them  up  by  hydrolysis  into 
albumoses  and  peptones.  These  are  further  broken  up  by  the 
trypsin  of  the  pancreatic  juice  and  the  erepsin  of  the  intestine  into 
polypeptides,  and  ultimately  into  amino  acids,  in  which  form 
they  are  absorbed  into  the  blood  stream.  Loudon 2  has 
demonstrated  an  increase  of  amino  nitrogen  both  in  the  portal  and 
peripheral  circulation  during  protein  digestion. 

Absorption  of  Undigested  Protein. — The  reduction  of  proteins  to 
amino  acids  before  absorption  is,  however,  not  universally  true  in  the 
case  of  very  young  infants — especially  in  those  suffering  from  some 
gastro-intestinal  disturbance.  In  such  infants  foreign  proteins 

1  Amer.  Jonrn.  Dis.  Child.,  viii.,  1914,  218. 

2  Zeitschr.  f.  Physiol.  Chem . ,  87,  1913,  p.  313. 
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(£.<§■.,  cow’s  casein  or  egg-white)  may  escape  digestion,  and  be 
absorbed  unaltered  into  the  blood  stream.  That  this  is  so  has 
been  shown  in  several  ways. 

1.  Precipitin  Test. — We  have  seen  on  p.  174  that  when  a  foreign 
protein  is  introduced  directly  into  the  blood,  various  antibodies  are 
formed  in  it.  One  of  these  is  a  precipitin,  /.<?.,  a  substance  which 
causes  precipitation  when  added  to  a  solution  of  that  particular 
protein.  Applying  this  test  to  the  blood  serum  or  urine  of  young 
infants  fed  on  cow’s  milk,  Lawaschek,  Modigliani  and  Benini 
and  others  have  been  able  to  demonstrate  the  presence  within  it 
of  a  precipitin  for  cow’s  casein,  proving  that  undigested  casein  must 
have  entered  the  blood. 

2.  Anaphylactic  Test. — Hoobler  1  collected  into  a  citrate  solution 
blood  from  infants  one  hour  after  feeding  with  a  normal  amount 
of  cow’s  milk,  and  injected  3-5  c.c.  into  the  peritoneum  of  normal 
guinea-pigs.  After  an  interval  of  eleven  days  he  injected  5  c.c.  of 
cow’s  milk  into  the  guinea-pig’s  peritoneum.  He  found  that  the 
guinea-pigs  gave  a  positive  anaphylactic  reaction  (viz.,  skin  irritation 
followed  by  partial  paralysis,  and  still  later  by  convulsions  which 
ended  fatally)  in  the  case  of  serum  obtained  from  infants  suffering 
from  malnutrition  or  eczema. 

3.  AbderhalderU s  Test. — We  have  already  seen  on  p.  257  that, 
according  to  Abderhalden,  when  a  foreign  protein  is  absorbed 
parenterally  (i.e.,  by  any  other  route  than  the  intestinal  tract,  e.g., 
intravenously,  intraperitoneally,  etc.)  a  specific  enzyme  is  pro¬ 
duced  in  the  blood  which  is  capable  of  hydrolysing  this  particular 
protein.  Assuming  the  correctness  of  this  theory,  the  presence  of 
a  milk-digesting  protease  in  the  serum  of  an  infant  would  show  that 
undigested  milk  protein  has  been  absorbed  into  the  blood. 
Schloss  and  Worthen  2  using  this  test  found  a  positive  reaction 
even  in  apparently  normal  infants  and  children  up  to  the  age  of 
four  years,  indicating  an  absorption  of  undigested  casein  or  egg 
albumen.  In  view,  however,  of  the  non-universal  acceptance  of 
Abderhalden’s  theory,  no  very  definite  significance  can  be  attached 
to  positive  findings  by  this  test,  but  the  precipitin  and  anaphylactic 
tests  leave  no  doubt  with  regard  to  the  absorption  of  undigested 
foreign  protein  in  the  case  of  infants  suffering  from  malnutrition. 
It  is  possible,  therefore,  that  many  of  the  symptoms  in  infants 
suffering  from  gastro-intestinal  disturbance,  e.g.,  skin  irritation,  etc., 
may  be  mildly  anaphylactic  in  character. 

The  Duration  of  the  Complete  Food  Passage. 

The  time  taken  by  food  to  travel  along  the  whole  of  the  gastro¬ 
intestinal  tract  can  be  determined  by  marking  off  one  stool  from 

1  Amer.  Journ.  Dis.  Child.,  12,  1916,  p.  129. 

2  Ibid. ,  11,  1916,  p.  342. 
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another  by  means  of  such  substances  as  charcoal  or  carmine.  The 
first  to  use  carmine  in  infants  were  Triboulet,  as  well  as  Nobecourt 
and  Meriden  in  France  and,  independently,  Spivak  in  America  in 
1910.  Hyamson  1  applied  the  carmine  test  to  twenty-one  healthy 
infants  from  one  to  six  days  old  and  to  twenty-five  older  children 
between  the  ages  of  six  weeks  and  six  years.  He  administered 
carmine  powder  in  half-grain  doses  to  the  first  set,  and  in  one  to 
two-grain  doses  to  the  second  set,  and  he  found  that  in  the  new-born 
infants  the  red  stools  appeared  in  between  4  and  18  hours,  whilst  in 
the  older  sick  children  the  time  varied  between  5J  and  52  hours,  with 
an  average  of  25  hours.  In  infants  suffering  from  diarrhoea, 
Triboulet  found  the  complete  passage  to  last  between  3  and  12 
hours. 

Faeces. 

Chemistry. — The  normal  faeces  of  a  healthy  breast-fed  infant 
are  yellow  in  colour,  have  a  sour  smell  and  an  acid  reaction.  In 
bottle-fed  babies  the  faeces  are  bright  yellow,  and  sometimes  clay 
coloured. 

(a)  Reaction. — According  to  Blauberg,2  the  acidity  of  the  faeces 
in  breast-fed  babies  is  25°  (1°  acidity  being  that  corresponding  to 
1  c.c.  normal  soda  solution).  Out  of  these,  L875°  are  due  to  bile 
acids  and  23*125°  to  lactic  acids  and  products  of  decomposition. 
The  total  acidity  of  the  feces  in  babies  fed  on  cow’s  milk  is  11*33 ", 
of  which  0*92°  are  due  to  bile  acids,  and  8*66°  to  lactic  acid  and 
decomposition  products. 

According  to  Lewin,  the  total  acidity  in  breast  babies  is  4  -6  , 
and  in  bottle  babies  2°-8J. 

(b)  The  Total  Quantity  of  Fceces  per  Kilo  Body  Weight  hi  Twenty-four 
Hours. — Monti  declares  that  breast  babies  excrete  3-5  gm.  of  feces 
per  kilo  body  weight,  and  that  in  bottle  babies  the  amount  of  feces 
varies  with  the  absorbability  of  the  nourishment  taken,  between  10 
and  30  gm.  per  kilo.  Were  this  to  be  really  the  case  one  could 
apply  this  as  a  test  for  the  suitability  of  a  particular  food  for  an 
infant.  Most  observers,  however,  controvert  that  statement. 
According  to  Camerer,  for  instance,  the  amount  of  feces  in  a 
breast  baby  is  1-3  gm.  per  100  gm.  of  milk,  and  in  a  bottle  baby 
3*3-4  gm.  per  100  gm.  of  milk. 

if)  Composition  of  Fceces. — According  to  Gundobin,  the  following 
table  represents  the  composition  of  the  feces  in  breast  and  bottle 
babies  respectively : — 


1  Amer.  J ourn .  Dis.  Child . ,  11,  11)1(5,  p.  112. 

2  Zeitschr.  f.  Biol . ,  Bd.  22  and  40. 


490  PRINCIPLES  OF  CHILD  PHYSIOLOGY 


Water. 

Solids. 

Breast  baby  - 

- 

- 

79-64 

20-36 

Bottle  baby  - 

- 

77-16 

22-84 

(d)  The  Nitrogen  Content  of  Faces. — This  is  a  matter  of  great 
practical  importance.  When  we  shall  study  the  general  metabolism 
of  the  infant  we  shall  see  that  the  amount  of  protein  used  up  in 
the  body  is  measured  by  the  amount  of  nitrogen  leaving  the  body. 
In  the  case  of  the  nitrogen  in  the  urine  it  is  easy  to  see  that  the 
urinary  constituents  containing  it  (e.g.,  urea,  uric  acid,  etc.)  must 
come  from  the  protein  metabolised  in  the  body.  In  the  case  of 
the  faeces,  however,  the  matter  is  not  so  obvious.  Indeed,  it  would 
at  first  sight  appear  that  the  nitrogen  in  the  faeces  does  not  repre¬ 
sent  any  protein  burned  up  in  the  body,  but  represents  the  amount 
of  protein  that  has  not  been  absorbed,  and  has  passed  through  the 
body  unchanged.  Experiment,  however,  shows  that  this  is  not  the 
case.  The  nitrogen  contained  in  the  feces,  like  that  contained  in 
urine,  must  be  taken  to  represent  protein  metabolism. 

This  has  been  shown  in  several  ways,  but  the  most  convincing 
method  is  that  of  Fritz  Voit.1  Voit  separated  a  loop  of  the 
intestine  about  1  metre  long  from  the  rest  of  the  intestine  in  a 
starving  dog.  He  tied  both  ends  of  the  loop,  and  left  it  inside  the 
abdomen  in  connection  with  its  normal  nerve  and  vascular  supply. 
He  also  united  the  two  ends  of  the  remaining  portion.  After  a 
few  days  food  could  be  given,  and  the  normal  excretion  of  fceces 
took  place.  On  killing  the  animal  after  three  weeks  Voit  found 
that  the  isolated  loop  contained  a  thick  fecal  mass  which,  on 
analysis,  yielded  the  same  percentage  of  nitrogen  as  the  feces 
passed  in  the  ordinary  way,  viz.,  approximately  5 ‘5  per  cent,  of  the 
dry  feces  in  each  case.  Moreover,  he  found  that  the  amount  of 
nitrogen  excreted  per  square  metre  of  intestine  in  twenty-four 
hours  was  the  same  through  the  wall  of  the  intestinal  loop  as 
through  the  remainder  of  the  intestine,  viz.,  approximately  0*25  gm. 
It  is  therefore  obvious  that  the  feces  do  not  represent  the 
undigested  absorbed  protein — since  no  protein  was  injected  in  the 
loop — but  that  they  are  derived  principally  from  the  metabolised 
substances  brought  to  the  intestines  by  the  blood  and  excreted 
there. 

Camerer  found  that  in  breast  babies  the  percentage  of  nitrogen 
in  dry  feces  was  4*75  (representing  4*75x  6*25  =  29*69  per  cent. 


1  Zeitschr.  fur  Biol. ,  xxix. ,  1892,  325. 
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of  metabolised  protein,  since  protein  contains  16  per  cent,  of 
nitrogen),  and  in  bottle  babies  the  percentage  of  nitrogen  in  the  dry 
faeces  was  4  per  cent.  (  =  4  x  6*25  =  25*00  per  cent,  of  metabolised 
protein).  As,  however,  the  total  amount  of  faeces  is,  as  we  have 
seen,  greater  in  bottle  babies  than  in  breast  babies,  it  follows  that 
the  total  amount  of  nitrogen  excreted  is  a  good  deal  greater  in 
bottle  than  in  breast  babies. 

In  cases  of  babies  suffering  from  dyspepsia  the  percentage 
amount  of  nitrogen  in  the  faeces  is  less  (3*42  per  cent,  according 
to  Tchernoff),  although  the  total  amount  of  nitrogen  excreted  is 
greater,  since  in  these  cases  the  total  excreta  are  greater  in  amount. 
According  to  Lange,  the  nitrogen  percentage  in  the  faeces  of 
dyspeptic  babies  was  only  about  two-thirds  of  that  in  normal 
babies’  faeces. 

(e)  The  Fat  Contents  of  Fceces . — The  total  amount  of  fat  in  the 
dry  residue  of  the  infant’s  stools  varies  between  20  and  40  per 
cent.  This  great  variability  is  due  to  four  causes,  viz.:  (i.)  The 
variability  of  the  fat  contents  of  the  ingested  milk ;  (ii.)  the 
digestibility  of  the  milk ;  (iii.)  the  ability  of  the  child  to  digest 
fat ;  (iv.)  the  amount  of  lime  contained  in  the  milk  (see  p.  483). 
Tchpanernoff  has  shown  that  ailing  infants  have  a  higher  per¬ 
centage  of  fat  in  their  stools,  viz.,  about  50  per  cent. 

Lewin’s  analyses  have  shown  that  the  percentage  of  fat  in  the 
dry  faeces  is  the  same  in  breast  as  in  bottle  babies,  viz.,  about  30 
per  cent.  The  amount  of  fatty  acids  excreted  in  the  form  of  soaps 
by  very  young  infants  is  3*7-8  per  cent. 

It  is,  however,  incorrect  to  conclude  from  the  high  percentage 
of  fat  in  young  infants’  stools  that  such  infants  cannot  digest  fat, 
because  it  may,  as  we  have  seen,  be  due  to  a  high  percentage  of 
lime  in  the  milk.  Michel  has  shown  that  infants  can  digest  and 
absorb  between  95  and  98  per  cent,  of  the  ingested  fat. 

(f)  The  Salts  in  Infants'1  Stools. — Lewin’s  analyses  show  that 
in  breast  babies  the  total  amount  of  salts  represents  10*95  per  cent, 
of  the  dry  stools,  whilst  in  bottle  babies  it  is  15*06  per  cent. 
Further,  the  proportions  of  soluble  to  insoluble  salts  are  in  breast 
babies  13*73  :  86*27,  and  in  artifically  fed  infants  11*8  :  88*2. 

The  infant  requires  mostly  those  salts  which  are  necessary  to 
build  up  and  strengthen  the  skeleton.  It  has  been  shown  that 
breast  babies  assimilate  70-80  per  cent,  of  the  salts  in  the  milk, 
whilst  bottle  babies  absorb  only  60  per  cent. 

The  character  of  the  salts  is  as  follows :  carbonates,  sulphates, 
chloride  of  sodium,  potassium,  some  phosphate  of  iron,  calcium, 
and  magnesium. 

(g)  The  following  table  from  Lewin  1  gives  the  percentage  com¬ 
position  of  the  various  ingredients  of  infants’  stools  : — 

1  Dissert.,  St  Petersburg,  1900  (Russia),  Gundobin. 
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Breast  Babies. 

Bottle  Babies 
(Cow’s  Milk). 

Water 

8L22 

78-82 

Solids 

- 

18-78 

21-18 

Ash  - 

- 

11-0 

15-0 

Insoluble  salts  -  \ 

O  . 

9-5 

13-2 

Soluble  salts 

c/5 

4->  CL) 

1-5 

1-8 

Total  N  - 

C3  <1J 

4-5 

5-9 

Nitrogen  content  of 
proteins 

'  O  xi 

o  •  — 

1—1  'o 

•20-6(  =  3-3  x  6-25) 

30-6(  =  4*9  x  6-25) 

Fat,  cholesterin,  etc. 

fH  in 

h— 1 

52-9 

34-5 

The  Microscopic  Examination  of  Infants’  Faeces. 

The  microscopic  examination  of  the  stools  of  an  infant  is 
important,  because'  it  affords  good  diagnostic  evidence  of  the  form 
and  situation  of  many  affections  of  the  intestinal  canal,  as  well  as 
gives  certain  indications  regarding  the  proper  method  of  feeding 
the  infant. 

Method  of  Examination . — The  feces  are  thoroughly  mixed — or, 
if  hard,  are  first  rubbed  up  with  a  little  water  and  then  mixed. 
Films  are  then  made  on  a  slide  in  the  usual  manner. 

One  film  is  examined  in  the  fresh  state  for  the  presence  of 
undigested  tissues,  blood,  pus,  mucus,  and  eggs  of  parasites.  A 
second  film  is  stained  with  Lugol’s  solution  (iodine,  2  parts ;  KI, 
4  parts;  and  distilled  water,  100  parts).  This  solution  stains 
starch  granules  and  certain  bacteria  blue  or  violet.  The  presence 
of  such  iodophilic  bacteria  usually  occurs  in  cases  of  faulty  carbo¬ 
hydrate  digestion,  and  are,  therefore,  suggestive  of  that  particular 
error  of  nutrition. 

A  third  film  is  stained  with  a  saturated  alcoholic  solution  of 
Sudan  III.,  which  stains  neutral  fats  and  fatty  acid  crystals  red. 
Sudan  III.  does  not,  however,  stain  soaps.  In  order  to  examine 
for  these,  a  drop  of  glacial  acetic  acid  is  allowed  to  run  under  the 
cover  glass  and  gently  heated.  This  converts  the  soaps  into  neutral 
fats  and  fatty  acids,  which  then  take  up  the  stain.  If,  therefore, 
there  is  an  increase  in  the  Sudan  III.  stained  drops  after  treatment 
with  the  acetic  acid,  it  is  an  indication  that  there  is  a  correspond¬ 
ing  amount  of  soaps.  A  fourth  slide  is  then  stained  with  carbol 
fuchsin.  This  stains  fatty  acids  a  brilliant  red  and  soaps  a  dull 
red,  but  it  does  not  stain  neutral  fat.  The  Sudan  III.  and  carbol 
fuchsin  slides  together,  therefore,  tell  how  much  of  each  there  is  of 
neutral  fat,  fatty  acids,  and  soaps. 
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An  excess  of  neutral  fat  shows  that  the  fat  has  not  been 
adequately  digested.  An  excess  of  fatty  acids  and  soaps  indicates 
that  fat  digestion  is  normal,  but  fat  absorption  is  deficient. 


SECTION  VI 

The  Bacteriology  of  the  Child’s  Intestine. 

The  researches  carried  out  since  1881  by  Uffelmann,1  Escherich,2 
Baginsky,3  W.  Schild,4  Tissier,5 *  Medowikoff,0  Moro,7  Ralph  Vincent,8 
and  others  have  taught  us  to  appreciate  the  biological  significance 
of  the  normal  bacterial  inhabitants  of  the  infant’s  intestinal  tract. 

The  Prevalence  of  Intestinal  Bacteria. 

1.  Meconium . — At  birth  the  contents  of  the  intestine  are  sterile. 
Very  soon  after  birth,  however,  infection  of  the  gastro-intestinal 
tract  takes  place  both  by  the  mouth  as  well  as  by  the  anus. 
Escherich,  who  was  the  first  to  study  the  bacteriology  of  meconium, 
was  able  to  isolate  seventeen  different  kinds  of  bacilli  and  cocci. 
The  microbic  invasion  is  progressive,  and  reaches  its  climax  on  the 
third  day.  After  that  time  the  meconium  gives  place  to  the 
ordinary  milk  stools,  and  the  flora  assumes  the  characters  peculiar 
to  the  particular  manner  in  which  the  infant  is  fed — whether 
naturally  or  artificially. 

2.  Fceces. 

(a)  Of  Breast-Fed  Infants. — Since  breast  milk  contains  a  pre¬ 
ponderating  amount  of  carbohydrate  (viz.,  7  per  cent.,  as  compared 
with  protein  L5  per  cent,  and  fat  3-5  per  cent.)  the  organisms 
which  thrive  in  the  intestine  are  those  which  grow  best  on  carbo¬ 
hydrate.  These  are  mainly  of  the  Gram-positive  variety,  e.g.,  the 
Bacillus  bifidus  of  Tissier.  This  is  a  strictly  anaerobic  bacillus 
(although  Noguchi9  was  able  to  transform  it  in  the  laboratory  to 
a  facultative  aerobic  type  and  back  again  to  the  anaerobic  type), 
and  shows  ramifications  like  the  antlers  of  a  deer.  Many  other 
organisms  have  been  found,  e.g.,  the  Bacillus  coli ,  the  Bacillus 
lactis  a'erogenes  as  well  as  the  Bacillus  acidophilus ,  etc.,  but  the 
Bacillus  bifidus  dominates  the  scene. 

1  Arch.  Klin.  Med,,  1881. 

2  “  Die  Darmbakterien  d.  Sauglings,”  Stuttgart,  1886. 

:i  Zeitschr.  Physiol.  Chem.,  12-13. 

4  Zeitschr.  f.  Hyg.,  19-20. 

5  Dissert.,  Paris,  1900. 

fi  Dissert.,  St  Petersburg,  1903. 

7  Jahrb.  Kinderheilk ,  1900  and  1905. 

*  Amer.  J.  Bis.  Child.,  7,  1914. 

9 Jour n.  Exp.  Med.,  12,  1910. 
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(b)  Of  Artificially  Fed  Infants . — When  the  infant  is  fed  on 
other  food  in  addition  to,  or  in  place  of,  breast  milk  the  Bacillus 
coli  appears  which  is  Gram-negative,  and  can  grow  equally  well  on 
a  medium  in  which  carbohydrate  is  absent.  In  addition  there 
appear  bacteria  which  have  a  proteolytic  action.  The  peculiarity 
of  the  intestinal  flora  of  the  artificially  fed  infant  is  the  fact  that 
there  is  no  predominance  of  any  particular  organism. 

Number  of  Bacteria  in  the  Fceces. — In  the  adult  it  has  been 
found  that  25  per  cent,  of  the  dry  matter  of  the  faeces  consist  of 
the  bodies  of  bacteria.  The  same  has  been  found  by  Strassburger 1 
to  be  the  case  in  the  infant.  According  to  this  observer  half 
of  the  faecal  nitrogen  is  derived  from  bacteria.  Leschziner,2 
Kramsztyk,3  and  Klotz 4  have  shown  that  the  number  of  bacteria 
in  the  infants’  stools  varies  with  the  nature  of  the  diet,  and  that 
carbohydrate  (especially  malt  extract)  raises  the  bacterial  percentage 
of  the  feces.  Klotz  gives  the  following  table  : — 


Nature  of  Food. 

Percentage  of 
Bacteria  in  Stools. 

Milk  +  water  +  saccharin 

11-15 

,,  ,,  +  lactose  - 

14-18 

,,  ,,  +  cane  sugar 

16-18 

,,  ,,  +  maltose 

16-18 

,,  ,,  +  malt  extract  - 

19-20 

,,  4-  mucus  -P  cane  sugar  - 

24 

„  +  starch  +  ,, 

27 

,,  +  biscuit  +  ,, 

28-30 

The  minimum  bacterial  content  is  found  in  fatty  stools.  This 
may  be  due  to  the  deficiency  of  water  in  such  stools,  for  Bahrdt 
has  shown  that  there  is  a  connection  between  the  water  content 
and  bacterial  percentage.5  Eberle (i  found  33,000,000  organisms 
in  1  mg.  of  feces  of  an  infant  fed  on  sterilised  food. 

Of  greater  importance  than  the  exact  number  and  percentage 
of  bacteria  in  the  feces  is  the  proportion  between  living  and  dead 
bacteria  in  the  excreta.  Eberle  found  that  in  artificially  fed  infants 
the  percentage  of  living  bacteria  (as  obtained  by  growth  on  gelatine 
or  agar)  is  4*5- 10*6  per  cent,  of  the  total  number  of  bacteria  (as  seen 

1  Zeitschr.fi  Klin.  Med.,  46,  1902. 

2  Deutsche  Arztezeitung ,  1903. 

3  Quoted  by  Tobler  and  Bessau,  op.  cit. 

4  fahrb.  f  Kinderheilk ,  73,  1911,  391. 

6  Ibid. ,  71,  1910. 

0  Zentralbl.  /.  Baht .,  2,  1896 


PHYSIOLOGY  OF  THE  ALIMENTARY  TRACT  495 


by  the  microscope).  In  adult  stools  Klein  found  the  percentage 
to  be  no  higher  than  IT  per  cent. 

Distribution  of  the  Bacteria  in  the  Intestine. 

(a)  The  upper  part  of  the  small  intestine  is  relatively  free  from 
germs.  Hess  1  withdrew,  by  means  of  a  special  duodenal  catheter 
(guided  by  X-rays),  the  duodenal  contents  of  infants  of  various 
ages  from  birth  upwards,  and  found  that  both  in  new-born 
babies,  as  well  as  in  those  one  week  old,  the  duodenum  was 
practically  free  from  bacteria,  only  one  to  three  growing  on  a 
plate.  These  were  staphylococci  and  Gram-positive,  as  well 
as  Gram-negative  bacilli.  Bacillus  coli  was  absent.  The  duodenal 
contents  of  older  infants  showed,  on  cultivation,  as  many  as 
100-200  colonies  per  plate  in  the  case  of  breast  babies,  and  many 
more  in  the  case  of  babies  artificially  fed.  The  plate  method 
of  investigation  does  not,  however,  exclude  the  presence  of  anaerobic 
bacteria  like  the  Bacillus  bifidus.  The  other  parts  of  the  upper 
small  intestine  are  also  comparatively  free  from  organisms.  This 
comparative  freedom  of  the  upper  part  of  the  small  intestine  from 
bacteria  is  not  easily  accounted  for.  It  cannot  be  due,  as  has  been 
suggested,  to  inhibitory  action  of  the  active  peristalsis  of  this  part 
of  the  intestine  upon  the  bacterial  growth,  since  under  pathological 
conditions,  such  as  occur  in  the  different  varieties  of  enteritis, 
where  peristalsis  is  increased,  the  small  intestine  becomes  rich  in 
bacteria.  Nor  can  Kohlbrugge’s  suggestion  be  substantiated  that 
the  intestinal  secretions  have  a  bactericidal  effect,  since  Leubuscher2 
has  shown  that  none  of  the  juices  found  in  the  intestine  has  any 
considerable  antiseptic  action  either  alone  or  in  combination.  It 
has  been  maintained  by  some  authorities  that  the  acid  reaction 
of  the  small  intestine  exercises  a  disinfecting  effect  upon  the 
intestinal  contents,  but  this  again  has  been  negatived  by  the  work 
of  R.  Schutz,3  and  Roily  and  Liebermeister.4  These  observers  have 
shown  that  (1)  if  after  shutting  off  the  stomach  from  the  duodenum, 
so  that  no  HC1  can  enter  it,  large  numbers  of  vibrios  be  intro¬ 
duced  into  the  small  intestine,  they  very  soon  disappear ;  (2)  if 
the  acidity  be  neutralised  by  means  of  soda  solutions,  bacteria 
still  gets  destroyed  within  it.  They  therefore  believe  that  the 
practically  sterile  condition  of  the  small  intestine  is  due  to  the 
vital  action  of  the  intestinal  epithelium.  This  would  explain  the 
existence  of  bacteria  in  pathological  conditions  of  the  small  intestine, 
for  in  such  cases  the  epithelium  has  become  injured. 

That  the  acid  produced  by  carbohydrate  fermentation  does, 

1  Ergebn.  d.  inn.  Med.  u.  Kinderheilk,  13,  1914, 

2  Zeitschr.  f.  Klin.  Med.,  17,  1890. 

:!  Arch.  f.  Verdaungskrankh. ,  7,  1901. 

4  Deutsche  Arch.  f.  Klin.  Med.,  83,  1905. 
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however,  undoubtedly  hinder  the  development  of  the  proteolytic 
bacteria,  and  therefore  prevents  intestinal  putrefaction,  has  been 
proved  by  Bienstock,1  who  showed  that  addition  of  excess  of  CaCO., 
to  the  food  gives  rise  to  putrefaction. 

(p)  In  the  ileum  and  in  the  large  intestine,  where  the  reaction 
is  alkaline,  the  bacteria  are  abundant. 

The  Physiological  Significance  of  the  Intestinal  Bacteria. 

The  great  abundance  of  bacteria  in  the  large  intestine  and  in 
the  faeces  raises  the  question  as  to  the  role  played  by  these 
micro-organisms  in  the  animal  economy.  The  question  may  be 
considered  under  the  following  headings,  viz.  : — 

(i.)  Are  the  bacteria  essential  for  the  life  and  zvelfare  of  the 
animal  l 

(ii.)  If  not  essential,  what  is  the  function  of  the  intestinal 
bacteria  ? 

(i.)  To  answer  the  first  question,  the  experiment  has  been 
tried  of  delivering  animals  under  the  strictest  aseptic  precautions, 
and  feeding  the  young  on  sterile  food  in  aseptic  chambers.  The 
results  are  conflicting.  Thus,  Nuttal  and  Thierfelder,2  working 
with  guinea-pigs,  and  Kiister,3  working  with  goats,  found  that  the 
experimental  animals  grew  as  well  as  control  animals  fed  in  the 
normal  manner.  On  the  other  hand,  Schottelius,4 5  experimenting 
with  chickens  hatched  from  sterile  eggs,  found  that  they  did  not 
thrive  when  fed  aseptically.  If,  however,  a  certain  amount  of 
faecal  matter  was  added  to  the  food,  they  began  to  thrive. 
Mme.  MetchnikoffQ  experimenting  with  tadpoles,  obtained  similar 
results.  The  difference  in  the  results  may  probably  be  explained 
by  the  differences  in  the  food  given  to  the  animals ;  purely  vegetable 
food  requires  the  help  of  bacteria  for  its  proper  digestion ,  especially  of  the 
cellulose ,  whilst  milk  and  other  animal  food  can  be  digested  without  the 
aid  of  bacteria.  We  know,  for  instance,  that  the  size  of  the  large 
intestine,  which  is  the  playground  of  the  bacteria  of  the  alimentary 
tract,  varies  with  the  nature  of  the  diet.  Thus  the  caecum  is  very 
small  or  absent  in  carnivora,  whilst  in  certain  herbivora  it,  as 
well  as  the  colon,  is  large  and  sacculated,  because  in  those  herbivora 
practically  the  whole  of  the  digestion  of  cellulose  occurs  in  the 
large  intestine.  Lastly,  Charrin  and  Guillemonat6  have  shown  that 

1  Arch,  f  Hyg .,  39,  1901. 

2  Zeitschr.  f.  Physiot.  Chetn.,  1895-97. 

:i  Deutsche  Med.  Wochenschr.,  2,  1913,  p.  1589. 

4  Arch.  f.  Hyg.,  34,  1899,  and  42,  1902. 

5  Ann  de  V Inst.  Pasteur,  15,  1901. 

,J  Quoted  by  Nobecourt  and  Merklen  in  Hutinel’s  “  Les  Maladies  des 
Infants,”  Tome  III.,  Paris,  1909,  p.  28. 
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animals  living  under  entirely  aseptic  conditions  are  less  able  to 
resist  microbic  diseases  than  are  those  living  under  normal 
conditions. 

(ii.)  Function  of  Intestinal  Bacteria . — The  action  of  the  intestinal 
bacteria  is  two-fold — 

(A)  Digestive . 

(B)  Protective. 

(A)  The  digestive  action  may  be  (a)  direct,  and  (/?)  indirect. 

(a)  The  direct  action  is  that  which  the  bacteria  have  on  the  food 
substances  and  their  derivatives. 

(i.)  Action  on  Carbohydrates. — The  lactic  bacteria,  viz.,  the 
Bacillus  lacticus  and  Streptococcus  lacticus ,  not  only  set  up  lactic 
acid  fermentation  but  they  may  break  up  the  lactic  acid  into 
butyric  acid,  hydrogen,  and  CO.,.  Thus— 

C12H220n  +  H20  =  4C3H603 

Lactic  acid. 

4C3H603  =  2C4H8Oa  +  4CO,  +  4H, 

Butyric  acid. 

In  this  way  the  bacteria  help  the  feeble  activity  of  the  amylolytic 
ferments  in  the  infant’s  alimentary  tract.  The  chief  action  of  the 
bacteria,  however,  is  on  cellulose,  for  which  there  is  no  other 
digestive  enzyme  in  the  intestine.  This  they  break  up  into  CO., 
and  CH4.  In  the  nursling,  however,  whose  food  contains  no 
cellulose  the  carbohydrate  action  of  bacteria  is  confined  to  their 
power  of  hydrolysing  lactose. 

(ii.)  Action  on  Fats. — In  addition  to  acting  like  lipase  they 
break  up  fat  into  valeric,  butyric,  and  other  acids.  This  action  is, 
however,  negligible.  The  organic  acids  produced  from  carbo¬ 
hydrates  and  fats  give  the  intestinal  contents  an  acid  reaction  and 
stimulate  peristalsis.  They  are  produced  high  up  in  the  intestine, 
and  do  not  hinder  pancreatic  digestion.  The  acidity  thus  produced 
has  a  very  important  function,  for  it  prevents  the  action  of  the 
proteolytic  bacteria  such  as  the  Bacillus  subtilis  and  Bacillus 
mesentericus ,  etc.,  which  cannot  grow  in  an  acid  medium.  The 
Bacillus  coli ,  however,  which  is  also  a  proteolytic  organism,  can 
grow  in  an  acid  medium  provided  the  acidity  is  only  slight.  But 
so  long  as  the  reaction  remains  acid,  this  bacillus  only  has  a 
fermentative  action  ;  it  assumes  its  proteolytic  powers  when  the  acid 
reaction  disappears  lower  down  in  the  intestine,  as  the  result  of  the 
gradual  elimination  of  lactose  both  by  absorption  and  fermentation. 

Sometimes  the  infant  passes  acid  stools  which  excoriate  the 
buttocks.  This  is  an  indication  that  the  amount  of  lactose  taken 
is  more  than  the  infant  can  deal  with.  The  proper  treatment  in 
such  a  case  is  to  reduce  the  amount  of  lactose  in  the  food,  or  to 
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exclude  lactose  altogether  temporarily,  as  well  as  to  increase  the 
alkalinity  of  the  milk  mixture  by  the  addition  of  lime  water. 

(iii.)  Action  on  Proteins. — This  consists  in  splitting  off  the 
amino  and  carboxylic  group  of  the  amino  acid  radicle  of  the 
protein  molecule.  The  deamination  generally  occurs  under 
anaerobic  conditions,  whilst  the  decarboxylisation  takes  place 
aerobically.  The  nature  of  the  substances  produced  as  the  result 
of  these  processes  varies  according  as  the  amino  group  or  the 
carboxyl  group  is  the  one  to  be  split  off  first. 

(<2)  If  deamination  occurs  first,  then  the  substances  produced 
include  phenol,  indole,  skatole,  etc.,  which  are  not  very  toxic. 
These  are  in  part  excreted  with  the  faeces,  and  in  part  absorbed 
into  the  blood,  where,  after  combination  with  H0S04  and  glycuronic 
acid,  they  are  excreted  in  the  urine  in  the  form  of  aethereal  sulphates 
and  glycuronates.  Thus,  tryptophane  gives  rise  to  indole  in  the 
following  manner: — 


CH 

lie  i' - iC.CHXH.NH,COOH - > 

'  (NHS)  ■ 

HC\PC\/  CH 

CH  NH 
CH 

HC/X,C, - C.CH,.CH„COOH - > 

!  1  ,  (CO,+  H,0) 

HCUC\/CH 

CH  NH 

CH 


HC 

C 

hL  / 

C\  J 

C.CH.XOOH —  -> 
(CO,  +  H,0) 

CH 


CH  NH 


CH 

HCXXC  CH 

I 

KC\)c'\  CH 
HC  NH 

Indole. 


(See  pp.  294  and  513.) 

(b)  If  the  removal  of  the  carboxyl  group  (by  the  so-called 
carboxylase  bacteria)  occurs  before  the  amino  group  has  been  split 
off,  the  substances  formed  are  highly  toxic  alkaloids,  the  so-called 
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ptomaines,  e.g.,  ethylamine,  phenylamine,  imidazylethylamine,  etc., 
which,  when  absorbed  in  large  doses  into  the  blood,  produce 
severe  collapse,  diarrhoea,  etc. 

The  types  of  reactions  occurring  are  represented  by  the 
following  equations  : — 


CH,.CH.NH,.COOH  =  CO,  +  CH,.CH,(NH,) 

Alanine.  Ethylamine. 

C3N2H2.CH2CH(NH2)COOH  =  co2  +  C3H3N2.CH2CH2NHi 

Histidine.  Imidazylethylamine. 


We  thus  see  that  there  is  a  direct  antagonism  between  the  fermenta¬ 
tive  and  the  putrefactive  bacteria.  This  was  first  pointed  out  in  the 

case  of  infants  by  Escherich,1  who  found  that  putrefaction  can  be 
hindered  when  carbohydrate  fermentation  is  established  by  means 
of  a  suitable  diet.  It  was  afterwards  proved  to  be  the  case  experi¬ 
mentally  by  Baginsky,2  who  showed  that  the  liquefaction  of  lactose- 
peptone  gelatine  in  a  test-tube,  by  means  of  putrefactive  bacteria 
of  an  infant’s  faeces,  was  hindered  by  the  addition  of  the  Bacillus 
lactis  a'erogenes.  Bienstock 3  also  showed  that  raw  milk  cannot 
be  made  to  putrefy  by  inoculating  it  with  putrefactive  bacteria.  If, 
however,  the  milk  is  boiled ,  thus  killing  the  lactic  organisms,  putre¬ 
faction  at  once  takes  place.  In  breast-fed  babies,  therefore,  there 
are  no  aethereal  sulphates  in  the  urine  (see  p.  513). 


Classification  of  Intestinal  Bacteria. 

The  organisms  found  in  the  infants’  faeces  may,  therefore,  be 
divided  into  the  three  following  classes : — 

1.  Obligate  Fermentative  Organisms ,  e.g.,  Streptococcus  lacticus , 
etc.  These  can  only  act  on  carbohydrates. 

2.  Facultative  Fermentative ,  e.g.,  B.  coli ,  B.  acidi  lactici,  etc. 
These  can  act  both  on  carbohydrates  and  proteins. 

3.  Obligate  Proteolytic,  e.g.,  B.  subtilis,  B.  mesentericus ,  and  B. 
broteus  vulgaris.  These  can  only  act  on  proteins. 

(/3)  The  indirect  digestive  action  of  the  bacteria  consists  in  the 
secretion  by  the  B.  lactis  aerogenes  and  B.  coli  of  soluble  ferments 
having  an  action  analogous  to  that  of  enterokinase.  Thus  Berton  4 
has  shown  that  filtered  cultures  of  these  organisms  have  a  marked 
action  upon  tryptic  digestion.  This  action  he  believes  to  be 
specially  dominant  in  infancy,  when  the  normal  intestinal  secretion 
has  as  yet  a  feeble  activity. 


1  Verb,  d,  Gesellsch.  f  Kinderheilk ,  Wiesbaden,  31,  1887. 

2  Zeitschr.  f  physiol.  Chem.,  12,  1888,  and  13,  1889. 

3  Arch.  f.  Hyg.,  39,  1901. 

4  SocietC  de  Biologie,  lvi. ,  9  janvier,  1901. 
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(B)  The  Protective  Function  of  the  bacteria  has  already  been  dis¬ 
cussed  under  the  antagonism  between  fermentation  and  putre¬ 
faction. 

Hess 1  recently  put  forth  the  suggestion  that  infantile  scurvy 
may  be  due  to  an  auto-intoxication  from  the  bowel,  the  result  of 
an  overgrowth  of  harmful  bacteria  caused  by  an  improper  diet, 
but  his  theory  is  negatived  by  his  own  and  Torrey’s  observations 
that  there  was  no  change  in  the  bacterial  flora  of  the  intestine, 
whether  the  animal  was  fed  on  a  diet  that  produced  scurvy,  or 
whether  the  diet  contained  antiscorbutic  elements  such  as  orange 
juice.2 

Intestinal  Gases. — Unlike  the  gases  in  the  stomach  which,  as 
we  have  seen,  consist  of  swallowed  air,  the  gases  found  in  the 
intestine  represent  the  end  products  of  bacterial  decomposition 
processes  occurring  therein.  They  consist  mostly  of  hydrogen 
and  nitrogen,  but  CH4,  C0.2,  and  oxygen  are  also  found 
occasionally. 

The  Physiological  Significance  of  the  Intestinal  Gases. — Moro  3 
emphasises  the  following  functions  of  the  gases  in  the  intestine  : — 

(i.)  They  determine  the  topography  of  the  abdominal  contents 
(and,  therefore,  also  indirectly  the  contents  of  the  thorax). 

(ii.)  They  regulate  intestinal  peristalsis. 

(iii.)  They  keep  the  lumen  of  the  intestine  open,  and  in  this 
way  not  only  facilitate  the  entry  and  transportation  of  food,  but 
also  aid  absorption  in  virtue  of  the  enlargement  of  the  mucous 
surface,  the  unfolding  of  the  villi,  and  the  uncoiling  of  the  intestinal 
vessels. 

Colour  of  Stools. — The  normal  colour  of  an  infant’s  stools  is 
yellow ,  due  to  bilirubin.  The  green  colour  is  due  to  the  oxidation 
of  bilirubin  to  biliverdin.  This  may  be  due  to  rapid  peristalsis,  or 
to  the  action  of  an  oxidising  ferment.  Thus,  the  green  stools  of  an 
infant  oxidise  guaiacol  in  the  presence  of  H.,0.„  but  fail  to  do  so 
after  boiling.  This  ferment  is  possibly  derived  from  leucocytes, 
which  have  entered  the  mucosa  by  diapedesis.  The  change  from 
yellow  to  green  after  the  stool  has  been  passed  is  not' abnormal, 
being  due  to  oxidation  by  the  air.  That  it  is  the  bile  which 
gives  the  colour  to  the  stools  can  easily  be  verified  by  the 
spectroscope  as  well  as  by  the  chemical  test  for  bile  pigments 
(the  display  of  colour  on  the  addition  to  the  napkin  of 
fuming  HNO,,).  In  addition,  the  green  colour  may,  though  very 
rarely,  be  due  to  the  Bacillus  pyocyaneus  or  other  chromogenous 
bacteria. 

1  Amer.  four .  Dis.  Child.,  14,  1917,  337 . 

2  Torrey  and  Hess,  Proc.  Soc.  Exp.  Biol,  and  Med.,  15,  1918,  74. 

3  Verh.  d.  Ges.f.  Kinderheilk,  Meran,  1905. 
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The  Practical  Importance  of  a  Bacteriological  Examination  of 
the  Artificially  Fed  Infanfs  Stools  in  Cases  of  Intestinal  Trouble. — 

From  what  we  have  already  said  it  will  be  clear  that  the  bacterio¬ 
logical  examination  of  the  child’s  faeces  should  afford  a  valuable 
means  for  the  diagnosis  and  treatment  of  the  intestinal  diseases  of 
infancy.  This  is  now  carried  out  as  a  matter  of  routine  in  every 
case  treated  at  the  Infants’  Hospital,  London.  Direct  microscopic 
examination  for  bacteria  is,  however,  alone  of  no  very  great  value, 
because  even  when  the  Streptococcus  lacticus  predominates  in  the 
small  intestine,  it  is  not,  as  a  rule,  found  in  the  stools,  because  the 
alkalinity  of  the  large  intestine  has  prevented  it  from  growing. 
Thus,  as  has  been  pointed  out  by  Vincent,  it  is  quite  common  to 
find  that  even  after  prolonged  therapeutic  administration  of  large 
doses  of  Streptococcus  lacticus ,  the  organism  cannot  be  discovered 
on  direct  microscopic  examination.  If,  however,  sterilised  milk  be 
inoculated  with  such  faeces,  the  organism  is  found  in  abundance 
after  a  few  hours’  incubation.  Should,  however,  the  infant  suffer  from 
diarrhoea,  the  stools  may  contain  the  Streptococcus  lacticus  on  account 
of  the  rapid  passage  of  the  contents  through  the  large  intestine. 

The  method  adopted,  therefore,  is  to  examine  the  faeces  after 
a  few  hours’  growth  on  sterilised  milk,  in  addition  to  direct  micro¬ 
scopic  examination  : — 

(a)  If  on  direct  microscopic  examination  there  is  a  predominance 
of  Gram-negative  bacilli  (i.e.,  colon  group),  but  this  predominance 
disappears  and  is  replaced  by  a  predominance  of  Gram-positive 
organisms,  especially  the  Streptococcus  lacticus  after  a  few  hours’ 
incubation  in  sterilised  milk,  it  shows  that  there  is  no  abnormality, 
for  the  presence  of  the  Streptococcus  lacticus  is  an  indication  that 
no  putrefaction  could  have  taken  place  in  the  small  intestine. 

(fi)  If  the  Streptococcus  lacticus  is  discovered,  not  only  after 
growth  in  milk,  but  also  in  preponderating  amount  on  direct  micro¬ 
scopic  examination,  it  is  an  indication  that  the  infant  is  suffering 
from  excessive  peristalsis  due  to  an  exaggerated  acidity  in  the  small 
intestine  (see  p.  497).  The  indication,  therefore,  is  either  to  reduce 
the  lactose,  or  to  give  the  child  milk  in  which  the  Streptococcus 
lacticus  has  been  eliminated  by  heating. 

(c)  If  there  is  a  predominance  of  Gram-negative  bacilli  (the 
colon  group),  both  on  direct  examination  as  well  as  after  growth  on 
sterilised  milk,  it  is  an  indication  that  the  controlling  lactic 
organisms  were  absent  in  the  small  intestine,  allowing  free  play  to 
the  proteolytic  organisms  with  the  production  of  an  alimentary 
toxaemia,  the  so-called  true  epidemic  diarrhoea.  Such  cases,  if  not 
too  far  advanced,  respond  to  treatment  with  raw  milk  (whole  or 
modified),  together  with  the  addition  of  cultures  of  the  Strepto¬ 
coccus  lacticus  or  Bacillus  lacticus ,  or  both. 


CHAPTER  XXXII 


THE  URINARY  SYSTEM 

“All  clinical  experience,  chemical  analyses,  and  metabolism  experiments 
emphasise  the  fact  that  the  urine  of  the  nursling  reflects  a  truer  picture  of  the 
normal  and  pathological  processes  of  the  body  than  does  that  of  the  older  child 
or  adult.”  Ernst  Mayerhofer. 

Physiological  Anatomy  of  the  Urinary  Tract. 

(a)  The  Kidneys. — The  peculiarities  of  the  kidneys  of  the  new¬ 
born  infant  are  as  follows  : — 

(i.)  Their  lobular  formation. 

(ii.)  The  relatively  imperfect  development  of  the  convoluted 
tubules. 

(iii.)  The  absence  of  a  peripheral  layer  (cortex  cortieis).  The 
kidneys  finish  their  development  relatively  late.  Thus  in  the 
periphery  of  the  kidneys  of  an  eight  months’  foetus,  one  can  dis¬ 
tinguish  false  glomeruli  in  all  stages  of  development.  The  mal- 
pighian  bodies  are  72-160  /a  large,  are  round  or  oblong  in  shape, 
and  lie  between  nine  and  twelve  in  a  row ;  some  close  under  the 
capsule  of  the  kidney.  The  Bowman’s  capsule  of  the  malpighian 
bodies  shows  on  its  outer  layer  a  fine  flat  epithelium  with  oblong 
nuclei — indistinguishable  from  the  epithelium  in  the  adult.  Where 
Bowman’s  capsule  opens  into  the  tubule  it  is  lined  with  cubical 
epithelium — merging  into  the  cylindrical  epithelium  of  the  tubule. 
The  tufts  in  the  malpighian  body  divide  into  three  to  five  parts, 
and  are  covered  with  cubical  and  not  with  flat  epithelium. 

Soon  after  birth  the  kidneys  change  in  microscopic  structure 
to  that  of  the  adult,  and  at  seven  weeks  they  are  histologically 
indistinguishable  from  the  adult  kidneys.  Microscopically,  their 
multilobular  structure  disappears  at  the  end  of  the  first  or  at  the 
beginning  of  the  second  year. 

The  Weight  and  Dimensions  of  the  Kidneys  at  Various  Ages. — 
The  table  on  p.  503  is  taken  from  Tkateschenko.1 

From  this  it  is  seen  that  the  kidneys  grow  approximately  at  the 
same  rate  as  the  body.  Taking  the  thickness  as  one,  the  linear 
dimensions  of  the  kidneys  are  in  the  new-born  1  :  T2  :  2’3.  In 
the  adult  the  proportions  are  1:1*8:  3  *5.  The  weight  of  the 
kidneys  in  proportion  to  the  weight  of  the  body  is  1  :  82-100  at 
birth  and  1  :  225  in  adults. 

1  Dissert.,  St  Petersburg,  11)00. 
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Weight 
of  Body 
in  Gm. 

Weight  of 
Kidneys 
in  Gm. 

Dimension  in  Cm.  | 

Length. 

Breadth. 

Thickness. 

Birth 

3,000 

11-12 

4*2 

2*2 

1*8 

1  month  - 

3,075 

114-12*4 

4*22 

2*27 

1*85 

3  months 

4,000 

16-18 

4*7 

2*4 

1*95 

J) 

4,400 

22*6-23*6 

5*5 

3*1 

1*9 

7  „ 

5,300 

29-30 

6  0 

3*5 

2*16 

9  „ 

5,350 

29-30 

6*0 

3*3 

2*3 

1  year 

9,820 

36-37 

7*0 

3*7 

2*6 

!  3  years  - 

14,000 

47*5-50 

7*4 

3*9 

2*7 

5  „  - 

15,500 

55-56 

7*9 

4*26 

2*76 

9  „ 

20,500 

74-76 

8*76 

4*6 

3*16 

15  „  -  • 

37,500 

115-120 

10*7 

5*3 

3*5 

Micrometric  measurements  in  micra  (/f)  of  glomeruli  and  tubules 
at  different  ages  1 : — 


Age. 

04)  Days. 

2J-9  Mths. 

4-2|  Yrs. 

12  Yrs. 

16-23  Yrs. 

Average  size  of) 
glomerulus  J 

Mean  diameter  of  j 

117 

128 

148 

192 

228 

peripheral  glo-  - 
merulus 

98 

118 

145 

192 

227 

Mean  diameter  of) 
central  glomeruli  ! 

137 

139 

151 

192 

228 

Largest  glomerulus  - 

167 

167 

180 

216 

272 

Smallest  and  largest) 
convoluted  tub-  - 
ules  J 

Diameter  of  de-j 

17,  34 

25,  42 

30,  49 

40,  58 

41,  60 

scending  portion  > 
of  loop  of  HenleJ 

9 

10 

11 

12 

13 

Diameter  of  as-) 
cending  loop  J 

Relation  between'' 

15-16 

16 

17 

22-23 

25 

central  and  peri-  - 
pheral  glomeruli  J 

2*2  :  1 

1*8  :  1 

1  :  1 

L 

1  :  1 

1  :  1 

1  L.  Kulz,  quoted  by  Vierordt,  “  Daten  und  Tabellen,"  p.  131. 
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(b)  The  Ureters . — These  contain  in  the  new-born  infant  less 
elastic  tissue  than  in  the  adult,  and  their  muscular  layers  are  also 
feebly  developed. 

Tschitschurin  gives  the  following  measurements  of  the  lengths 
of  the  ureters  at  various  ages  (compared  with  the  length  of  the 
trunk) : — 

At  birth  -  1:2. 

,,  5-6  years  -  1  :  2  in  boys  and  1  :  L4  in  girls. 

,,  12-13  years  -1:2  ,,  1  :  L7  ,, 

(c)  The  Bladder . — (i.)  This  is  an  abdominal  organ  in  infants. 
Symington  1  found  the  inner  openings  of  the  urethra  at  the  level 
of  the  upper  border  of  the  symphysis  pubis,  and  that  the  bladder 
took  up  two-thirds  of  the  space  between  the  symphysis  and 
umbilicus.  With  the  growth  of  the  child  the  bladder  gradually 
sinks  into  the  pelvis. 

(ii.)  Capacity  of  the  Bladder. — The  following  table,  given  by 
Gundobin,  gives  the  capacity,  up  to  bursting  point,  of  the  bladder 
at  various  ages  : — 


Age. 

• 

Capacity. 

Boys. 

Girls. 

Foetus,  7-8  months 

42  c.c. 

40  c.c. 

8-9 

44  „ 

70  „ 

At  birth 

50  „ 

1  month 

62  „ 

74  ,, 

3  months 

110  „ 

115  „ 

hr 

126  „ 

196  „ 

1  year  - 

195  „ 

283  „ 

2-3  years 

248  „ 

409  „ 

l-b  ,, 

841  „ 

505  „ 

9-10  „ 

936  „ 

575  „ 

12-1.3,, 

1,240  „ 

840  „ 

20-25  „ 

2,800  „ 

1,900  „ 

(iii.)  Histology  of  Bladder. — The  mucous  coat  is,  in  comparison 
with  the  muscular  coat,  better  developed  than  in  the  adult,  and  is 
more  vascular.  The  elastic  tissue  shows  only  a  feeble  state  of 
development.  The  growth  of  the  bladder  consists  chiefly  of  a 
thickening  of  the  muscular  layer. 


1  “  Topogr.  Anat.,”  Edinburgh,  1887. 
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(d)  Urethra . — Zwineff  examined  the  mucous  membrane  of  the 
urethra  and  found  that  the  amount  of  connective  tissue  in  the 
deeper  layers  is  less,  whilst  the  cellular  elements  are  more  de¬ 
veloped  than  in  the  adult. 

The  Secretion  of  the  Urine. — It  is  not  within  the  province  of 
this  book  to  give  a  complete  discussion  of  the  theories  of  urinary 


Bowman  s  capsule.  Neck.  1st  convoluted  tubule. 


secretion,  but  it  will  be  profitable  to  consider  the  matter  briefly 
(Fig.  111). 

1.  Glomeruli. — On  purely  histological  grounds,  Bowman  suggested 
that  the  glomeruli,  being  lined  by  a  single  layer  of  flat  epithelium, 
allows  the  water  and  diffusible  salts  from  the  blood,  but  not  the 
colloidal  substances,  to  pass  through  them  by  a  process  of  filtration. 
A  similar  view  was  held  by  Ludwig,  but  Heidenhein  was  of  opinion 
that  the  glomeruli,  like  the  tubules,  possessed  a  secretory  function. 
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The  prevailing  opinion  is,  however,  in  favour  of  the  filtration 
theory,  since  it  has  been  found  that : — 

(a)  The  amount  of  urine  passed  through  the  glomeruli  varies 
directly  as  the  difference  of  pressure  on  the  two  sides  of  the 
capsule.  Thus,  when  the  renal  vaso-constrictor  nerves  are  divided, 
the  capillary  blood  pressure  in  the  kidney  rises,  and  more  urine  is 
formed;  whilst,  when  these  nerves  are  stimulated,  both  the  renal 
capillary  pressure  and  the  amount  of  urine  fall. 

(l>)  The  percentage  of  crystalloids  in  the  urine  is  the  same  as 
that  in  the  blood.  Thus  Barcroft  found  in  cases  of  hydraemia 
(when  the  tubules  have  no  opportunity  of  altering  the  composition 
of  the  urine  passed  through  the  glomeruli)  the  following  results  : — 


Chlorides. 

Urea. 

Plasma  - 

- 

- 

0*88  per  cent. 

0-04  per  cent. 

Urine  - 

- 

- 

0-88  „ 

0-05 

If  Heidenhein’s  secretory  theory  were  correct,  then  the  amount 
of  urine  secreted  by  the  glomeruli  should  be  independent  of  the 
capillary  glomerular  pressure,  and  the  percentage  of  crystalloids  should 
not  be  the  same  in  the  urine  and  plasma.  Heidenhein  uses  the  fol¬ 
lowing  argument  to  refute  the  filtration  theory.  The  amount  of  urea 
passed  by  man  in  twenty-four  hours  is  35  gm.  Assuming  that  the 
percentage  of  urea  in  glomerular  urine  is  0'05  per  cent.,  it  is 
obvious  that  the  amount  of  urine  filtered  through  by  the  glomeruli 


must  be 


35 

CHj5 


x  100  c.c.  =  70  litres.  But  the  daily  amount  of  urine 


voided  is  only  2  litres,  therefore  no  less  than  68  litres  must  be 
absorbed  by  the  tubules,  an  amount  which  Heidenhein  considers  to 
be  inconceivable.  As,  however,  the  human  kidney  contains  some 
2,000,000  tubules,  the  quantity  filtered  by  each  glomerulus  of  both 
,  70000 

kidneys  only  amounts  to  0*01 1 5  c.c.  in  twenty-tour 


4000000 


68 


hours,  or  0’0007  c.c.  per  hour,  of  which  i.e.,  0*01  cub.  mm., 


is  reabsorbed  by  each  tubule,  which  is  not  at  all  an  impossible 
amount.1 

It  has  recently  been  shown  that  proteins,  although  colloidal  in 
Nature,  can  diffuse  through  animal  membrane.  One  must, 
therefore,  conclude  that  the  glomerulus,  though  acting  as  a  filter, 


1  See  shn 


“The  Secretion  of  Urine,”  Longmans,  Green  &  Co.,  1917. 
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also  exercises  a  selective  action  in  not  allowing  protein  material  to 
pass  through  it. 

2.  The  Tubules. — While  opinions  are  divided  with  regard  to  the 
action  of  the  glomeruli  all  are  agreed  that  the  tubules  exercise 
a  secretory  function.  The  following  are  the  changes  which  the 
urine  is  said  to  undergo  during  its  passage  along  the  tubules. 

(i.)  Change  in  Reaction  from  neutral  or  alkali  to  acid.  Thus, 
if  acid  fuchsin,  which  is  colourless  in  neutral  or  alkaline  solutions 
but  red  in  acid  solutions,  be  injected  into  the  blood  vessels  of  an 
animal,  and  the  kidneys  be  subsequently  subjected  to  microscopic 
examination,  it  is  found  that  the  glomeruli  are  colourless,  while 
the  epithelium  of  the  convoluted  tubules  is  red. 

(ii.)  The  absorption  into  the  blood  by  the  agency  of  the 
epithelium  of  the  tubules  of  large  amounts  of  water,  as  well  as 
certain  salts.  Thus  we  have  seen  that  no  less  than  68  litres  of 
water  must  be  reabsorbed  by  the  tubules  of  an  adult  man. 

Now  these  68  litres  of  glomerular  filtrate  consist  practically  of 
protein-free  blood,  and  therefore  contain  some  7  gm.  of  sugar, 
0*14  gm.  uric  acid,  and  27  gm.  of  chlorine.  But  a  similar  quantity 
of  urine  contains  no  sugar,  3’5  gm.  of  uric  acid,  and  42  gm.  of 
chlorine.  Therefore,  the  tubules  must  have  reabsorbed,  in  addition 
to  the  68  litres  of  water,  also  7  gm.  of  sugar,  3 '4  gm.  uric  acid, 
and  15  gm.  of  chlorine. 


Age. 

Average 
Amount 
in  24  Hours. 

Amount 
per  Kilo. 

1 

Amount  per 
1,000  c.c.  of 
Ingested 
Milk. 

I 

Specific 

Gravity. 

;  12-30  days 

304 

67*3 

1003 

1-3  months 

421 

78-6 

1004-6 

3-6  „ 

589 

87*8 

... 

1004-5 

6-12  „ 

604 

72*9 

... 

1005-3 

1-2  years  - 

759 

8T1 

550 

1009-4 

2-3 

820 

66-3 

676 

1013-5 

3-4 

•  j  5 5 

914 

64’6 

718 

1014-5 

4-5  „  -  - 

1,071 

67*4 

824 

1015-9 

5-6  „  - 

1,074 

52*5 

710 

1016-2 

6-7  „  - 

1,305 

60-7 

753 

1015-4 

7-8  „  - 

1,237 

53-0 

683 

1017-5 

8-9  „  -  -  - 

1,325 

49-4 

700 

1017-3 

9-10  „ 

1,524 

56-2 

693 

1018-5 

10-11  „  - 

1,609 

57-6 

770 

1016-0 

11-12  „ 

1,610 

53-4 

710 

1016-6 

12-13  „  -  -  - 

| 

1,911 

6T6 

1 

769 

1015-6 
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The  Urine, 

Quantity. — The  twenty-four  hourly  quantity  of  urine  in  an  infant 
six  months  old  is  double  that  of  an  infant  one  month  old.  At  four 
years  old  it  is  three  times,  and  at  twelve  years  six  times  as  much 
as  during  the  first  month.  This  quantity,  however,  varies  with  a 
variety  of  influences.  Thus,  in  cases  of  diarrhoea  the  quantity 
of  urine  is  diminished  on  account  of  the  loss  of  water  in  the 
stools. 

As  to  the  amount  per  kilo  body  weight,  it  increases  steadily  from 
the  first  month  up  to  the  end  of  the  first  half-year,  reaching  a 
maximum  of  87'8  c.c.  per  kilo.  It  then  sinks  gradually  until  at 
twelve  years  it  falls  to  53  c.c.  per  kilo  body  weight. 

The  table  on  p.  507  shows  the  total  amount  of  urine,  the 
specific  gravity,  as  well  as  the  amount  per  kilo  body  weight  in 
children  from  twelve  days  to  thirteen  years. 

The  number  of  micturitions  in  twenty-four  hours  and  the 
average  quantities  voided  each  time  are  given  by  Schanjawski 1 
in  the  following  table  : — 


Age. 

Number  of 
Micturitions. 

1 

Average  Quan¬ 
tity  Voided  at 

Each  Micturition. 

> 

14-30  days 

13 

34 

c.c. 

1-3  months 

- 

- 

14 

31 

55 

3-6 

55 

- 

- 

20 

31 

55 

6-12 

55 

- 

- 

16 

44 

55 

1-2  years 

- 

- 

12 

60 

55 

2-3 

5  5 

- 

10 

88 

55 

3-4 

5  5 

- 

9 

92 

55 

4-5 

5? 

- 

- 

7-5 

90 

55 

5-6 

55 

- 

9-3 

104 

5  5 

6-7 

55 

- 

7-1 

154 

55 

7-8 

5  5 

- 

7*8 

146 

55 

89 

55 

- 

7 

191 

55 

9-10 

55 

- 

- 

7-3 

262 

5  5 

10-11 

55 

- 

- 

7 

248 

55 

11-12 

55 

- 

- 

7-5 

224 

55 

12-13 

55 

- 

- 

8*3 

262 

55 

Physical  Properties. 

Specific  Gravity. — The  table  on  p.  507  shows  that  the  gravity 
of  the  urine  gradually  rises  with  the  age  of  the  child,  showing  that, 


1  Dissert.,  St  Petersburg,  1900. 
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as  the  child  grows  older,  the  amount  of  salts  excreted  gradually 
increases. 

The  specific  gravity  affords  a  simple  method  of  estimating  to 
within  3  per  cent,  the  total  amount  of  salt  contained  in  the  urine. 
If  the  last  two  figures  of  the  four-figure  specific  gravity  be  multiplied 
by  2*237  one  obtains  the  per  mille  amount  of  salts  contained  in 
the  urine.  A  more  exact  method  is  the  determination  of  the 
electrical  conductivity.  The  higher  the  conductivity  the  greater 
the  number  of  ions,  and  consequently  the  greater  the  concentration. 
This  has  not  yet  been  done  in  the  case  of  infants,  but  such  an 
investigation  would  be  very  interesting  in  view  of  the  fact  that 
great  salt  retention  is  physiological  in  infancy.  The  same  remarks 
apply  to  a  determination  of  the  refractive  index  (see  p.  423). 

Viscosity. — This  depends  upon  the  concentration  of  the  urine. 
The  infant’s  urine  has  a  lower  viscosity  coefficient  than  the  adult’s. 

Depression  of  Freezing-point  (A). — Sommerfeld  and  Roeder 1 
found  that  A  is  smaller  in  the  infant  than  in  adults.  In  breast-fed 
babies  it  was  smallest  of  all  (  -  0*19)  and  in  infants  fed  on  undiluted 
cow’s  milk  it  was  greatest  (  -  0*746).  It  was  intermediate  (  -  0*3490) 
in  babies  fed  on  diluted  cow’s  milk.  As  the  depression  in  freezing- 
point  varies  with  the  osmotic  pressure,  and  therefore  with  the  mole¬ 
cular  concentration  of  a  liquid,  these  results  show  that  the  nature 
of  the  infant’s  food  has  a  great  influence  on  its  water  and  salt 
metabolism.  Looked  at  from  the  point  of  view  of  the  large 
amount  of  fluid  per  kilo  body  weight  ingested  by  the  infant,  the 
depression  in  freezing-point  is  very  high.  “  It  would  appear,” 
says  Mayerhofer,2  “that  the  functional  activity  of  the  infant’s 
kidneys  is  somewhat  different  from  that  in  the  case  of  the  adult ; 
the  extraordinarily  large  amount  of  water  secretion  seems  to  con¬ 
stitute  the  greatest  part  of  the  work  performed  by  the  infant’s 
kidneys.” 

The  Reactio?i  is  acid,  but  the  acidity  is  greater  in  artificially  fed 
infants  on  account  of  the  greater  excretion  of  phosphoric  acid,  as 
well  as  of  volatile  fatty  acids,  by  them  (see  p.  516). 

Chemical  Composition. 

Organic  Constituents  ( Normal  and  Abnormal) 

Urea. — This  substance  represents  the  chief  end  product  of 
nitrogen  metabolism  in  the  body..  In  the  adult  the  total  twenty- 
four  hourly  quantity  of  urea  excreted  is  35  gm.,  and  per  kilo  body 
weight  it  is  J  gm.  The  quantity  excreted  in  infancy  and  childhood 
is  given  in  the  table  below.  From  this  it  is  seen  that  both  the 
total  amounts,  as  well  as  the  amount  per  unit  body  weight,  gradually 

1  Arch.  f.  Kinder heilk,  36,  p.  272. 

2  Ergebn.  d.  inneren  Med.  it.  Kinder  heilk,  12,  1913,  p.  566. 
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rises.  Urea  is  formed  in  the  liver  out  of  ammonium  carbonate. 
Mayer  and  Rietschel  1  find  that  healthy  infants  convert  glycocol 
(CH2NH.2COOH)  given  by  the  mouth  into  urea,  whilst  sick  infants 
are  unable  to  effect  this  oxidation,  and  excrete  it  as  such  in  the 
urine  (see  p.  511). 

Table  shoiving  the  twenty-four  hourly  quantity  of  urea  at  various  ages , 
as  well  as  the  amount  of  urea  per  kilo  body  weight  at  those  ages. 


Age. 

24-Hourly 
Quantity  of 
Urea. 

Average 
Amount  of 
Urea  per  Kilo 
Body  Weight. 

Average 
Amount  of 
Urea  per  Mille. 

12-30  days 

0-7742 

0-1695 

1-7645 

1-3  months  - 

- 

- 

1-0061 

0-1908 

2-5140 

3-6  „ 

- 

- 

1-7289 

0-2572 

2-8987 

6-12  „ 

- 

- 

2-4420 

0-2946 

4-0430 

1-2  years 

- 

- 

5-1490 

0-5502 

6-7839 

2-3  „ 

- 

- 

8-7410 

0-7072 

10-6597 

3-4  ,, 

- 

- 

11-2610 

0-7970 

12-3205 

4-5  „ 

- 

- 

11-9500 

0-7512 

11-1577 

5-6  „ 

- 

- 

13-9920 

0-8151 

13-0279 

6-7 

- 

- 

14-7070 

0-6850 

11-2643 

7-8  „ 

- 

- 

15-9470 

0-6851 

12-8916 

8-9  „ 

- 

- 

19-3490 

0-7231 

14-6030 

9-10  „ 

- 

- 

17-7410 

0-6553 

10-6410 

10-11  „ 

- 

- 

20-2520 

0-6996 

12-1330 

11-12  „ 

- 

- 

19-5860 

0-6497 

12-1652 

12-13  „ 

- 

- 

20-0060 

0-6449 

10-4688 

Schanjawski  has  shown  that  the  amount  of  urea  passed  daily 
varies  with  the  amount  of  nourishment  received  by  the  child. 
Thus  he  experimented  on  three  children  in  an  orphan  asylum,  and 
he  found  that  when  they  were  fed  up  well  the  amount  of  urea 
passed  by  them  increased.  He  gives  the  following  figures  : — 


Age. 

Amount  of 
Urea  on  Asylum 
Diet. 

Amount  of  Urea 
on  Full  Diet. 

7|  years 

. 

0’7T30  gm. 

1*0301  gm. 

9  „ 

- 

- 

0-6570  „ 

1-0373  „ 

1H  „ 

- 

0-5767  „ 

0-9978  „ 

1  Quoted  by  Mayerhofer,  toe.  cit. 
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Uric  Acid. — The  amount  of  uric  acid  increases  steadily  with 
the  age  of  the  child.  The  amount  passed  during  the  first  month, 
the  second,  tenth,  and  twelfth  years  may  be  represented  by  the 
proportion  1:3:7:10. 


Age. 

Total 
24-Hourly 
Quantity  of 
Uric  Acid. 

Amount  in 
Gm.  per  Kilo 
Body  Weight. 

Amount 
per  Cent. 

1 2-30  days 

0-0784  gm. 

0*0171 

0*2964 

1-3  months  - 

- 

- 

0*1078  „ 

0*0202 

0-2609 

3-6  ,, 

- 

- 

0*1513  „ 

0*0224 

0-2772 

6-12  „ 

- 

- 

0*1647  „ 

0*0198 

0*2726 

1-2  years 

- 

- 

0*2603  „ 

0*0278 

0*3429 

2-3  „ 

- 

- 

0*3102  ,, 

0*0251 

0*3783 

3-4  „ 

- 

- 

0*3816  „ 

0-0370 

0*4175 

4-5  „ 

- 

- 

0*1102  „ 

0-0257 

0*3830 

5-6  „ 

- 

- 

0*4794  „ 

0-0279 

0*4463 

6-7  „ 

- 

- 

0*5003  „ 

0*0233 

0*3833 

7-8  „ 

- 

- 

0*5452  „ 

0*0234 

0*4407 

8-9  „ 

- 

- 

0*5017  „ 

0*0190 

0*3854 

9-10  „ 

- 

- 

0*5682  ,, 

0*0209 

0-3702 

10-11  „ 

- 

- 

0*7228  „ 

0*0249 

0*4330 

11-12  „ 

- 

- 

0*7065  „ 

0*0234 

0*4388 

12-13  „ 

“ 

0*6169  „ 

0*0198 

0*3228 

Allantoin  (a  body  chemically  related  to  uric  acid)  is  sometimes 
found  in  slight  amounts  in  the  urine  of  new-born  infants. 

Amino  Acids. — Of  the  various  amino  acids  (seventeen  in  number) 
only  glycocol  has  been  found  in  the  urine  of  normal  individuals. 
In  infants  the  amount  is  greater  than  in  adults.  According  to 
Schlutz1  the  amino  acid  fraction  in  the  normal  infant’s  urine 
represents  6*7-8*5  per  cent,  of  the  total  nitrogen.  In  cases  of 
disturbed  nutrition  the  percentage  of  amino  acids  is  higher,  because 
in  such  cases  the  infant  is  unable  to  oxidise  these  products  of 
intestinal  digestion  into  ammonia  (see  p.  510).  V.  Reuss2found 
that  glycocol  is  present  in  the  urine  of  the  new-born  infant,  and 
that  its  amount  increases  during  the  first  three  days  and  then 
gradually  falls.  (See  table  on  p.  512.) 

Cystinuria  and  Alkaptonuria. — Two  interesting  amino  acids 
occasionally  found  in  infants’  urine  are  cystin,  which  is  amino- 
dioxyphenyl-acetic  acid,  and  alkapton  or  homogentisic  acid.  Both 
these  conditions,  which  are  harmless,  are  exceedingly  rare,  are 
congenital,  and  may  be  considered  to  be  anomalies  of  protein  meta- 

1  Quoted  by  Mayerhofer,  loc.  cit.  2  Zeitschr.  f.  Kinderheilk ,  3,  1912,  p.  12. 
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Age. 

Ammonia  N. 

Amino  Acid  N. 

1st  day 

6-4 

7-1 

2nd  „ 

5-8 

8-0 

3rd  ,, 

8-5 

11T 

4th  „ 

10-6 

7*8 

5th  „ 

12-6 

4-6 

6th  ,, 

10-2 

2-5 

7th  „ 

11 -8 

3-4 

8th  and  9th  day  - 

9-3 

2T 

holism  which  are  the  chemical  analogues  of  structural  anomalies  or 
deformities.  Cystin  forms  sediments  in  the  urine  consisting  of 
hexagonal  tablets  which  turn  black  on  boiling  with  KOH  and  lead 
acetate,  owing  to  the  formation  of  PbS.  It  has  a  tendency  to  form 
calculi.  In  alkaptonuria  the  urine,  which  has  the  normal  appear¬ 
ance  when  passed,  turns  black  on  exposure  to  air,  so  that  the 
napkins  of  such  infants  become  stained  black  when  they  are 
exposed  to  the  air.  Alkapton  also  reduces  hot  Fehling’s  solution. 

The  Total  Nitrogen  of  the  Urine. — This  rises  rapidly  up  to  the 
fourth  year,  after  which  the  increase  is  less  rapid.  The  total 
amount  of  N  per  kilo  reaches  a  maximum  at  six  years. 

The  following  table  gives  the  total  nitrogen  as  well  as  the 
amount  of  N  per  kilo  at  various  ages 


Age. 

Total  24- 
Hourly 

Amount  of  N. 

Amount  of  N 
per  Kilo  Body 
Weight. 

Total  N  per 
1,000  of 
Urine. 

12-30  days  - 

_ 

0T500 

0*0999 

1-2230 

1-3  months  - 

- 

- 

0-6967 

0-1252 

1-4491 

3-6  „ 

- 

- 

0-7304 

0-1156 

1-7528 

6-12  „ 

- 

- 

1-4011 

0-1616 

2-0945 

1-2  years 

- 

- 

3-0420 

0-2405 

4-4815 

9  Q 

-J-O  ,, 

- 

- 

4-0260 

0-3025 

5-0553 

3-4  „ 

- 

- 

6-1680 

0-4408 

6-7361 

4-5  „ 

- 

- 

6-2920 

0-3938 

8-8366 

5-6  „ 

- 

- 

7-6740 

0-4529 

8-1401 

6-7  „ 

- 

- 

8-2820 

0-3723 

6-2164 

7-8  „ 

- 

- 

7-7150 

0-3218 

6-4346 

8-9  „ 

- 

- 

9-3580 

0-3366 

7*8933 

9-10  „ 

- 

- 

9-2920 

0-3260 

7-1807 

10-11  years  - 

- 

- 

9-8420 

0-3580 

6-1723 

11-12  „ 

- 

- 

9-7710 

0-3195 

7-4165 

12-13  „  - 

- 

- 

9-9640 

0-3110 

4-5724 
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Creatin  and  Creatinin. — We  have  already  seen  in  Chap.  XXI. 
that  creatinin  has  been  found  in  the  urine  of  new-born  infants. 
Sedgwick  1  found  both  creatin  and  creatinin  in  the  urine  of  all 
children. 

Acetone  Bodies. — The  excretion  of  these  bodies  (acetone,  acetic 
acid,  and  oxybutyric  acid)  occurs  in  all  cases  of  inanition  or  dis¬ 
turbed  carbohydrate  metabolism.  This  is  especially  the  case  in 
children,  although  Langstein  and  Meyer 2  have  shown  that  in 
young  children  the  excretion  of  these  bodies  takes  place  mostly 
through  the  breath,  and  only  in  a  small  proportion  through  the 
urine. 

Urinary  Pigments. — Urobilin,  as  well  as  its  precursor,  urobilino¬ 
gen,  is  said  to  be  absent  in  the  urine  of  healthy  breast  infants, 
although,  according  to  Bookman,  urobilinogen  is  found  in  the  urine 
of  artificially  fed  infants.  In  gastro-intestinal  disturbances  it  is 
found  in  larger  amounts.  Infants  seem  to  be  less  able  to  convert 
urobilinogen  into  urobilin  than  adults. 

Biliary  pigments  (bilirubin,  etc.)  are  only  found  in  cases  of 
icterus. 

Products  of  Intestinal  Decomposition. 

(a)  BEthereal  Sulphates. — These  are  indican  (i.e.,  indoxyl 
sulphate)  and  phenyl-skatoxyl — as  well  as  cresyl-sulphuric  acids. 

[p)  Glycuronic  acid ,  which  is  a  derivative  of  glucose  of  formula 

COH 

HCOH 

HOCH 

HCOH 

HCOH 

COOH 

It  is  normally  present  in  adult  urines. 

{c)  Volatile  fatty  acids. 

None  of  these  is  found  in  healthy  breast-fed  infants,  but 
occur  in  cases  of  intestinal  disturbances,  and  are  more  common  in 
artificially  fed  infants. 

Sugars. 

1.  Alimentary  Melituria. — Lactose  is  found  in  cases  of  in¬ 
testinal  disturbances  in  breast-fed  infants.  In  several  cases  of 
dyspepsia  or  eczema,  galactose  sometimes  occurs  in  the  urine. 
The  finding  of  these  substances  gives  an  indication  of  the  limit 
of  carbohydrate  tolerance  in  such  cases.  Lactose  is  also  found 

1  Journ.  Amer.  Med.  Assoc.,  55,  1910,  p.  118. 

2  Jahrb.  f.  Kinderheilk ,  61,  1905,  p.  454. 
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in  cases  of  inanition  as  well  as  in  healthy  infants  that  have 
been  starving  for  two  or  three  days.  Saccharose  (cane  sugar)  has 
also  been  discovered  in  infants  suffering  from  intestinal  disturbances 
to  whom  tea  with  5  per  cent,  of  cane  sugar  has  been  administered. 

: 2 .  Diabetes  in  Infancy . — Apart  from  the  alimentary  lacto-, 
galacto-,  and  saccharosuria,  true  glycosuria  or  diabetes  mellitus  is 
also  sometimes,  though  very  rarely,  found  in  very  young  infants. 
V.  Reuss  1  described  an  undoubted  case  in  an  infant  three  months 
old,  and  Cuno  2  described  a  case  of  pancreas  diabetes  in  an  infant 
fifteen  days  old.  Post  mortem,  a  small  cirrhotic  pancreas  was 
found. 

Albumen. 

In  the  same  way  as  sugar  may  be  found  in  infants,  either  as 
an  elementary  melituria  or  as  a  true  diabetes,  so  may  albumen 
occur  in  children’s  urines,  either  as  a  physiological  or  as  a  patho¬ 
logical  condition. 

(I.)  Physiological  Albuminuria. 

s 

(a)  Alimentary  Albuminuria. — In  this  condition  albumen  only 
appears  when  the  infant  receives  albumen  in  its  food,  but  dis¬ 
appears  when  the  albumen  is  withheld — a  condition  analogous  to 
the  alimentary  melituria.  We  have  already  seen  that  heterologous 
proteins  often  penetrate  as  such  the  intestinal  mucous  membrane 
of  the  intestine.  Krasnogorski has,  however,  recently  shown  by 
means  of  the  precipitin  test  that  the  albumen  appearing  in  the 
urine  under  such  conditions  is  not  derived  directly  from  the 
albumen  introduced,  but  comes  from  a  breaking  up  of  the  infant’s 
tissues.  The  method  he  employed  was  to  obtain  sera  from  rabbits 
into  whose  veins  2  c.c.  of  cow’s  milk  or  human  milk  respectively 
were  injected  regularly  every  week  for  a  month.  The  lactoserum 
thus  obtained  was  tested  with  the  infant’s  urine,  and  the  results 
were  controlled  with  serum  obtained  from  unimmunised  rabbits. 
If  no  precipitate  was  obtainable  after  twenty  minutes  the  result 
was  considered  negative.  He  found  that  in  none  of  his  cases  of 
so-called  alimentary  albuminuria  was  the  precipitin  test  positive  for 
cow’s  milk  albumen. 

(b)  Orthotic ,  Orthostatic ,  or  Cyclic  Albuminuria  of  Older  Children. 
— In  this  condition  the  urine  contains  no  albumen  so  long  as  the 
child  is  in  the  horizontal  position,  but  it  appears  when  the  child 
assumes  the  vertical  position.  The  explanation  of  this  phenomenon 
is  not  quite  clear,  but  it  has  no  pathological  significance.  Jehle4 

1  Munch.  Med.  Wochenschr . ,  1908,  p.  12. 

2  Wiener  Med.  Wochenschr.,  1908. 

Klin.  Therapeut.  Wochenschr. ,  18,  1911,  p.  59. 

4  Zeitschr.  f.  Kinderheilk ,  4,  1912,  p.  526. 
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has  recently  put  forward  the  view  that  the  cause  of  the  albuminuria 
in  the  erect  posture  lies  in  the  lordosis  in  the  region  of  the  first  and 
second  lumbar  vertebrae  assumed  by  such  children  when  standing 
up.  He  showed  that  w'hen  lordosis  is  induced  in  the  horizontal 
position  albuminuria  is  produced,  and  that  when  a  lordotic  child 
is  put  into  a  plaster  cast  (which  prevents  the  correction  of  the 
deformity  when  the  child  assumes  the  horizontal  position),  the 
albumen  does  not  disappear  even  when  the  child  lies  down. 

According  to  him,  “  the  kidney  reacts  to  the  position  of  lordosis 
with  a  degree  of  accuracy  equal  to  a  physical  experiment.”  Jehle 
believes  that  the  lordosis  in  that  particular  region  leads  to  temporary 
mechanical  congestion  of  the  kidneys.  In  spite,  however,  of  Jehle’s 
ingenious  experiments,  one  cannot  consider  the  question  as  by  any 
means  settled. 

(c)  Albuminuria  of  the  New-Born. — This  has  already  been  dis¬ 
cussed  in  detail  in  Chap.  XXI. 

(II.)  Pathological  Albuminuria  occurring  in  cases  of  true  kidney 
disease. — This  is  distinguished  from  the  physiological  by  the 
presence  of  casts. 

Ferments. — Falk  and  Kolieb  have  shown  that  adults’  urine 
contains  pepsin,  trypsin,  as  well  as  fat-splitting  and  saccharifying 
ferments.  Borrino  found  pepsin  in  infants’  urine,  and  Benfey 
found  trypsin  occasionally.  A  starch-splitting  ferment  has  been 
occasionally  found  in  infants’  urine  by  Steinitz ;  rennin  and  erepsin 
have  also  been  demonstrated.  These  ferments  are  found  more 
frequently  and  in  greater  quantities  in  infants  suffering  from  gastro¬ 
intestinal  disturbances,  and  their  appearance  is,  therefore,  probably 
due  to  an  impaired  impermeability  of  the  intestinal  epithelium. 

The  appearance  of  albumen  and  ferments  in  the  urine  of 
healthy  infants  shows  that  even  colloidal  substances  can  diffuse 
through  colloidal  membrane  like  the  intestinal  mucous  membrane 
and  Bowman’s  capsule. 

Inorganic  Substances. 

Phosphorus. — Healthy  infants’  urine  contains  only  a  minimal 
amount  of  phosphorus.  This  has  been  first  shown  by  Poliak  in 
1869,  and  since  confirmed  by  a  number  of  observers.  Keller1 
showed  that  bottle-fed  babies  excrete  more  phosphorus  in  the  urine 
than  do  breast-fed  babies,  even  after  allowing  for  the  greater  amount 
of  phosphorus  ingested  by  the  bottle-fed  infant,  showing  that  the 
phosphorus  comes  from  destruction  of  protein. 

Pari  passu  with  the  low  phosphorus  value  of  the  breast  babies’ 
urine  goes  also  its  low  acidity.  But  the  higher  acidity  of  the 

1  Zeitschr.  f.  Klin.  Med.,  36,  1899,  p.  49;  and  Zeitschr.  f.  Physiol.  Chem ., 
29,  1900,  p.  146. 


5i 6  PRINCIPLES  OF  CHILD  PHYSIOLOGY 


bottle  babies’  urine  is  due,  not  only  to  the  excessive  excretion  of 
phosphoric  acid,  but  also  to  the  considerable  amount  of  volatile 
fatty  acids  that  such  urines  contain.  Thus,  while  a  breast  baby 
excretes  in  its  urine  only  9*7  mg.  of  volatile  fatty  acids  per  diem, 
bottle  babies  excrete  between  24*8  and  104T  gm.  of  these  acids  in 
the  same  period.  Moll 1  has  shown  that  even  in  breast-fed  infants 
the  amount  of  phosphates  in  the  urine  increases  in  cases  of  gastro¬ 
intestinal  disturbances,  and  Mayerhofer 2  believes  that  “the  phos¬ 
phorus  value  in  breast  babies  affords  with  the  rapidity  of  a  titration, 
information  which  is,  in  certain  respects,  a  mirror  image  of  the  state 
of  nutrition  of  the  infant.” 

The  following  table  is  a  modification  of  that  given  by  Gundobin 
It  shows  that  the  daily  amount  of  phosphoric  acid  excreted  per 
kilo  body  weight  gradually  rises  with  age  until  it  reaches  a  maximum 
of  OT  gm.  at  the  age  of  six  years.  The  excessively  small  amount 
excreted  during  the  first  two  years  is  probably  due  to  the  retention 
of  the  phosphorus  by  the  rapidly  growing  brain  (which  increases 
from  350-1,013  gm.),  as  well  as  by  the  very  considerable  growth 
of  the  skeleton. 


Table  showing  the  absolute  daily  amount  of  phosphorus  excreted  by 
children  from  the  age  of  twelve  days  upwards ,  as  well  as  the 
amount  per  kilo  body  weight. 


Age. 

o 

Weight  in  Gm. 

24 -Hourly 
Amount  of 
Phosphoric 
Acid  in  Gm. 

| 

Amount  in  Gm. 
per  Kilo  Body 
Weight. 

12-30  days 

4-556 

0-0609 

0-0132 

1-3  months  - 

- 

- 

5-327 

0-1634 

0-0303 

3-6  „ 

- 

- 

6-962 

0-1595 

0-0237 

6-12  „ 

- 

- 

8-288 

0-2490 

0-0304 

1-2  years 

- 

- 

9-357 

0-4320 

0-0461 

2-3  „ 

- 

- 

12-360 

0-8970 

0-0725 

3-4  „ 

- 

- 

14-128 

0-9440 

0-0668 

4-5  „ 

- 

- 

15-906 

1-3260 

0-0833 

5-6  „ 

- 

- 

17-165 

1-7380 

0-1012 

6-7 

- 

- 

21-469 

1-7490 

0-0814 

7-8  „ 

- 

- 

23-267 

2-2630 

0-0971 

8-9  „ 

- 

- 

26-757 

2-6780 

0-1000 

9-10  „ 

- 

- 

27-071 

2-5190 

0-0930 

10-11  „ 

- 

- 

28-947 

3-0020 

0-1036 

11-12  „ 

- 

- 

30-142 

3-0290 

0-1004 

12-13  „ 

1 

1 _ _ _ _ 

- 

— 

31-020 

2-9120 

0-0938 

1  Jahrb.  f  Kinderheilk ,  69,  1909  2  Loc.  cit. 
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Phosphaturia  is  a  condition  in  which  an  excessive  amount  of 
phosphates  is  excreted  in  older  children.  The  urine  appears 
turbid  and  becomes  clear  on  the  addition  of  acid.  This  has  been 
shown  to  be  due  to  an  excessive  excretion  of  calcium  by  the 
kidneys,  which  take  on  vicariously  the  function  of  the  intestines  in 
cases  of  digestive  disturbances. 

Inorganic  Sulphates. — Sulphur,  like  phosphorus,  is  present  in 
extremely  minute  quantities  in  the  urine  of  normal  breast-fed 
infants,  as  can  be  seen  from  the  very  slight  turbidity  occasioned  by 
the  addition  of  a  solution  of  BaCl.,.  The  quantity  is  considerably 
greater  in  the  urine  of  artificially  fed  babies.  Thus,  according  to 
W.  Freund,  the  amount  of  H.,S04  in  breast-fed  infants  is  0‘1159- 
0*2171  gm.  per  diem,  whilst  that  in  bottle  babies  is  as  high  as 
T1479-T8447  gm.  per  diem.1 

Chlorides.— Chlorine  is  also  excreted  in  very  minute  quantities 
by  normal  breast-fed  infants.  Meyer  and  Cohn 2 *  have  demon¬ 
strated  the  great  role  played  by  common  salt,  NaCl,  in  the  water 
metabolism  of  infants.  They  found  that  the  addition  of  sodium 
salts,  such  as  NaCl,  Na.,HP04,  and  NaBr,  to  the  infant’s  food  gives 
rise  to  considerable  increase  in  weight  on  account  of  the  osmotic 
retention  of  water  in  the  body. 

Inorganic  Nitrogen. — Under  this  heading  are  included  ammonia 
and  nitric  acid. 

Ammonia. — Keller  3  showed,  in  1897,  that  the  urine  of  infants 
suffering  from  chronic  gastro-intestinal  disturbance  contains  a  great 
quantity  of  ammonia  nitrogen,  amounting  in  extreme  cases  to  50 
per  cent,  of  the  total  urinary  nitrogen.  Bendix4  found  that  such 
infants  excrete  four  or  five  times  the  amount  of  ammonia  excreted 
by  normal  infants.  We  have  already  considered  the  relation 
between  ammonia  nitrogen  and  acidosis.  (See  Chap.  XXI.)  Van 
den  Bergh  Hymans5  succeeded  in  diminishing  up  to  zero  the  excre¬ 
tion  of  ammonia  in  infants  suffering  from  gastro-intestinal  trouble 
by  administering  NaHCCX.  This  shows  that  the  function  of  the 
ammonia  is  to  neutralise  the  acetone  bodies  in  acidosis. 

Nitrates  and  Nitrites. 

Mayerhofer 0  showed  by  the  diphenylamine  reaction,  as  well  as 
by  the  brucin  reaction,  that  normal  breast-fed  babies  do  not  excrete 
nitrogen  in  the  form  of  nitrates  or  nitrites,  although  these  salts  are 
found  in  the  urine  of  infants  suffering  from  gastro-intestinal  trouble, 

1  Zeitschr. f  Physiol.  Chem .,  29,  1900,  p.  24. 

2  Zcitsclir.  f.  Kinderkcilk ,  2,  1911,  p.  960. 

Jahrb.f.  Kinderheilk ,  44,  1897,  p.  25. 

4  Ibid . ,  48,  1898,  p.  165. 

5  Ibid.,  45,  1897,  p.  265. 

(i  See  Ergebn.  d.  inn.  Med.  it.  Kinderheilk ,  12,  1913,  p.  578. 
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and  that  the  amount  varies  directly  with  the  degree  of  the  disturb¬ 
ance.  As  milk  contains  no  nitrates  one  must  conclude  that  these 
salts  are  derived  from  an  abnormal  breaking  up  of  proteins  caused 
by  the  intestinal  flora. 

Summarising  the  modes  of  excretion  of  nitrogen  in  the  urine 
we  find  that  we  may  divide  them  into  four  groups,  viz.  : — 

(1)  Ammonia  bodies  (urea,  amino  acids,  and  ammonia). 

(2)  Purin  bodies  (uric  acid  and  allantoin). 

(3)  Creatin  and  creatinin. 

(4)  Nitrates  and  nitrites. 

Calcium  and  Iron. 

The  crystals  of  calcium  oxalate  and  calcium  phosphate  can 
be  seen  in  the  urine.  Iron  has  also  been  found  in  minute 
quantities.  Dubois  and  Stolte 1  found  that  administration  of 
alkalis  leads  to  a  retention  of  calcium.  Birk  and  Orgler 2  have 
shown  that  in  children  who  develop  rickets  there  is  a  disturbance 
of  calcium  metabolism  long  before  the  manifestation  of  that  disease. 

The  Significance  of  Urinary  Analysis  in  Children. 

Mayerhofer  maintains  that  a  systematic,  regular  analysis  of  the 
urine  in  children  not  only  affords  information  regarding  the  state  of 
nutrition  of  the  child,  but  also  enables  the  physician  to  foresee  dis¬ 
turbances  of  nutrition  before  such  disturbances  manifest  themselves 
clinically.  Thus,  in  a  healthy  breast-fed  infant  the  urine  contains 
little  or  no  phosphates,  no  glycuronic  acid,  and  no  nitrates.  The 
appearance  of  any  of  these  substances  indicates  the  presence  of 
some  gastro-intestinal  disturbance.  Moreover,  he  is  of  opinion 
that  such  analysis  enables  one  to  distinguish  an  infant  which  is 
merely  hungry  from  one  that  is  not  thriving  on  account  of  some 
gastro-intestinal  trouble.  He  gives  the  following  analytical  scheme, 
which  follows  from  what  has  been  described  in  the:foregoing  pages  : — 

1.  Determme  the  “  reduction  index1'  of  the  urine ,  i.e.,  the  amount 
of  decinormal  permanganate  solution  that  can  be  reduced  by  ten 
minutes’  boiling  with  1  c.c.  of  the  urine.  The  greater  the  quantity 
of  organic  substances  in  the  urine  the  greater,  of  course,  will  be  its 
reduction  index. 

2.  To  a  few  c.c.  of  urine  in  an  inclined  test-tube  add  cautiously 
an  equal  quantity  of  strong  Jd9SOr  From  the  colour  of  the  ring 
at  the  surface  of  contact  of  the  two  fluids  one  can  get  an  idea  of 
the  amount  of  organic  substances  contained  in  it.  With  a 
minimal  amount  of  these  substances,  the  colour  is  only  faintly 
yellowish  brown,  and  the  colour  is  not  increased  on  mixing  the 

1 Jahrb.f \  Kinderheilk ,  77,  1913,  p.  21. 

-  Monatschr.  f.  Kinderheilk ,  9,  1911,  p.  744. 
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fluids  (/.<?.,  reaction  is  negative).  If,  however,  the  urine  contains 
considerable  quantities  of  organic  material  the  ring  is  yellowish 
brown  to  reddish  brown  or  violet,  and  on  shaking,  the  colour  of 
the  mixture  becomes  very  dark  brown  (  =  positive  reaction). 

3.  To  a  third  portion  of  urine  apply  Mayerhofer' s  diphenylamine 
test  for  nitrates  and  nitrites.  This  consists  in  mixing  a  few  drops 
of  urine  with  a  few  drops  of  an  alcoholic  solution  of  diphenyl¬ 
amine,  and  cautiously  adding  to  the  inclined  test-tube  some 
strong  H.,S04.  The  formation  of  a  blue  ring  at  the  surface  of 
contact  indicates  the  presence  of  nitrates  or  nitrites. 

4.  If  the  diphenylamine  test  is  negative,  test  for  glycuronic 
acid  by  means  of  Goldschmiedf s  reaction,  which  consists  in  mixing 
1  c.c.  of  urine  with  a  couple  of  drops  of  an  alcoholic  solution  of 
a-naphthol,  followed  by  the  cautious  addition  of  3-4  c.c.  of  strong 
H.,S04  to  the  side  of  the  slanting  test-tube.  A  green  colour  at 
the  surface  of  contact  indicates  the  presence  of  glycuronic  acid. 
As  nitrates  also  give  a  positive  reaction,  the  test  is  only  of  value 
if  nitrates  have  been  previously  excluded  by  the  diphenylamine 
reaction. 

5.  Estimate  the  amount  of  phosphates  by  titration  with 
uranium  nitrate. 

The  following  table  illustrates  the  results  : — 


Condition  of 
Infant. 

Tests. 

Reduction 

Index. 

Sulphuric 

Acid. 

Diphenyl¬ 

amine. 

a-Naphthol. 

Uranium 

Nitrate. 

Healthy,  thriving, 
breast-fed 

Very  small 

Negative 

Negative 

Negative 

Little  or  no 
phos¬ 
phates 

Healthy,  breast-fed, 
but  not  thriving 
on  account  of 
insufficient  milk 
supply 

9  9 

9  9 

9  9 

9  9 

9  9 

Breast-fed,  but  not 
thriving  on  ac¬ 
count  of  gastro¬ 
intestinal  disturb¬ 
ance 

High 

Positive 

Positive 

Positive 

P  i  c  h  in 
phos¬ 
phates 

CHAPTER  XXXIII 


THE  METABOLISM  OF  THE  CHILD 

“  La  vie  est  une  fonction  Chimique.” — Lavoisier. 

In  the  preceding  chapters  we  have  studied  the  manner  in  which 
food  material,  when  taken  into  the  body,  is  absorbed  into  the  blood 
and  carried  to  the  various  parts  of  the  body.  We  have  also 
investigated  the  channels  by  which  the  various  waste  substances 
formed  in  the  tissues  leave  the  body,  and  the  forms  in  which  they 
leave  it.  We  have  seen  that  the  nitrogen  of  the  proteins  is  dis¬ 
charged  from  the  body  in  the  urine  and  feces,  whilst  the  carbon 
and  hydrogen  from  the  proteins,  as  well  as  from  the  other  food 
materials,  are  given  off  by  the  body  in  the  form  of  CO.,  and  H.,0 
from  the  lungs,  urine,  and  skin.  The  sum  total  of  the  chemical 
transformation  taking  place  in  the  body  is  called  metabolism.  This 
process  of  metabolism  consists  of  two  parts,  viz.  : — 

{cl)  Catabolism ,  i.e .,  the  breaking  up  of  complex  chemical  com¬ 
pounds  into  simpler  substances. 

(p)  Anabolism ,  i.e.,  the  building  up  of  more  complicated  sub¬ 
stances  from  simpler  ones. 

Liebig,  in  1842,  suggested  that  the  nitrogen  eliminated  in  the 
urine  might  be  made  a  measure  of  the  amount  of  protein  destroyed 
in  the  body.  Ten  years  later,  Bidder  and  Schmidt  found,  by 
feeding  animals  on  meat,  that  nearly  all  the  nitrogen  ingested  was 
excreted  in  the  urine  and  in  the  feces.  In  1857  Carl  v.  Voit 
proved  that  it  was  possible  to  give  an  animal  just  that  quantity 
of  protein  which  would  place  it  in  a  condition  of  nitrogen  equili¬ 
brium — a  condition,  that  is  to  say,  in  which  the  amount  of  nitrogen 
leaving  the  body  in  the  urine  and  feces  exactly  balances  that 
taken  in  with  the  food.  It  is  true  that  some  of  the  nitrogen  is 
also  excreted  through  the  skin,  in  the  hair,  and  in  the  nails,  but 
by  weighing  and  analysing  the  daily  outgrowth  of  hair  and  nails, 
and  also  by  analysing  the  ordinary  insensible  perspiration,  it  has 
been  shown  that  the  amount  of  nitrogen  leaving  the  body  by  these 
channels  is  negligible. 

Balance-Sheet  of  the  Body — Conservation  of  Matter. 

By  placing  an  animal  in  a  special  chamber,  called  a  respiration 
apparatus,  in  which  the  amount  of  air  admitted  during  the  course 
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of  an  experiment,  as  well  as  the  amount  of  CO.,  and  H.,0  given  off 
by  the  lungs  and  skin  during  the  same  period,  could  be  measured 
(see  Fig.  112);  and  by  weighing  and  analysing  the  food  ingested  as 
well  as  the  excreta  passed  during  that  period,  it  is  possible  to  find 
exactly  what  is  the  nature  of  the  combustion  that  has  taken  place 
in  the  body  of  the  animal  during  the  period  under  investigation. 

Example. — The  following  example,  quoted  by  Lusk,  gives  the 
details  of  the  first  actual  experiment  in  metabolism  carried  out  by 
Pettenkofer  and  Voit  in  1866  1 : — 


(A)  Weight  of  man  on  entering  the  respiration 
apparatus  - 

Weight  of  water  drunk  during  the  day 
Oxygen  absorbed  during  the  day 


=  71 ’090  kg 
=  1*0548  „ 
=  0-7799  „ 


Total  weight  - 

(B)  Weight  of  man  at  end  of  day 
Weight  of  CO.,  eliminated 
,,  H.,0  in  respiration 

Weight  of  urine 


=  72-9247  kg. 

=  70-160  „ 

=  0-7383  „ 

=  0*8289  „ 

=  L1975  „ 


Total  -  -  =  72-9247  kg. 

We  therefore  see  that  the  law  of  conservation  of  matter  holds 
good  for  the  animal  body  as  it  does  in  the  inorganic  world. 

We  can,  however,  carry  the  analysis  a  stage  further  Analysis 
of  the  urine  showed  it  to  contain  : — 

Nitrogen  -  12*51  gm. 

Carbon  -  -  8*25  ,, 

Whilst  the  0*7383  kg.  CO.,  exhaled  contained  of  course- — 

Carbon  =  738-3  x  12  -  201-3  gm. 

44 

Total  weight  of  carbon  eliminated  =  201  -3  -f-  8-25  =  209-55  gm. 
(As  the  man  was  fasting  the  fmces  can  be  neglected  as  too 
small.) 

We  therefore  have — 

Total  nitrogen  eliminated  =  12-51  gm. 

,,  carbon  ,,  =209-55,, 

During  the  period  of  the  experiment  the  man  took  in  the  form 
of  Liebig’s  extract — 

Carbon  -  2T4  gm. 

Nitrogen  -  -  -  -  1*18  ,, 

.-.  Net  loss  of  carbon  from  the  body  =  209-55  -  2-44  =  207*11  gm. 
and  ,,  ,,  nitrogen  ,,  ,,  =  12*51  — 1*18-— 11*33  ,, 

]  Zeitschr.  f.  Biologie ,  ii. ,  1866,  478. 
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Now,  since  the  nitrogen  comes  from  protein  in  which  it  is  present 
to  the  extent  of  lh  per  cent. 

.-.  Amount  of  protein  destroyed 


=  11-33  x  6-25  =11 


O  Q 

oo 


X 


100)=:  70-81 
16  / 


gm. 


But  the  proportion  of  nitrogen  to  carbon  in  protein  =  1  :  3-28. 

70*81  gm.  of  protein,  which  contains  11-33  gm.  of  nitrogen, 
contains  11*33  x  3-28  =  37*16  gm.  of  carbon. 

.-.  207*11  —  37*16  =  169‘95’gm.  of  carbon  must  have  come  from 
sources  other  than  protein. 

The  two  possible  sources  are  fats  and  carbohydrates  (glycogen) 
of  the  body — since  neither  of  these  substances  had  been  taken  in 
this  experiment  in  the  form  of  food. 

Let  us  now  see  how  the  data  help  us  to  determine  which  of  these 
( fat  or  glycogen)  it  was  that  was  burned  up  in  the  body. 

(, a )  Let  us  assume  that  the  extra  carbon  came  from  the 
combustion  of  fat ;  we  then  have  : — 


■ 

C. 

H. 

| 

0. 

Composition  of  the  protein  burned  - 
,,  ,,  fat  of  the  body  - 

gm. 

37-16 

169-95 

gm. 

5*8 

25*7 

gm. 

17*1 

25-1 

Total  C,  H,  and  O  used  up  - 
On  analysing  the  urine  it  was  found 
to  contain 

207-11 

8-2 

31*5 

2-0 

42*2 

7-6 

Balance  available  for  respiratory 

C02  and  H,,0 

■ 

l 

198-9 

29-5 

34-6 

But  198-9  gm.  C  require  198*9  x  ’~ 

=  530*4  gm.  of  oxygen  to  produce  CO.„ 
and  29-5  gm.  H  require  29-5  x  8 

=  236  gm.  of  oxygen  to  produce  H.,0. 
.*.  Total  amount  of  oxygen  required  to  burn  up  the  C  and  H 

=  530*4  +  236  =  766*4. 

But  34*6  gm.  of  oxygen  are  contained  in  the  protein  and  fat. 

.*.  Amount  of  oxygen  utilised  from  the  air  must  be 

766*4-  34*6  =  731*8. 


This  is  approximately  the  same  as  the  779*9  gm.  of  oxygen 
absorbed  as  determined'  (i.e.,  within  the  limits  of  experimental  error). 
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(b)  Suppose,  however,  the  extra  169*95  gm.  of  C  originated 
from  the  combustion  of  glycogen,  we  then  have — 

Since  composition  of  glycogen  =  C6H]0O,v 

C6H10O5  +  602  =  6CO,  +  5H20, 

^  192 


72 


162 


i.e.,  3  gm.  of  glycogen  carbon  require  8  gm.  atmospheric  oxygen,  and 
169*95  gm.  of  carbon  require  169*95  x  -  =  453*2  gm.  of  oxygen, 


instead  of  the  779*9  gm.  of  oxygen  actually  absorbed.  We  therefore 
conclude  that : — 

During  starvation  the  animal  organism  supports  itself  by  the 
combustion  of  its  own  protein  and  fat,  and  not  by  the  combustio?i  of  any 
reserve  glycogen. 

This  is  a  law  of  metabolism  of  fundamental  importance. 


Metabolism  of  the  Infant. 

Experiments  with  a  respiration  apparatus  in  cases  of  infants  are 
liable  to  be  attended  with  many  errors,  because  the  child  grows 
very  restless  and  cries,  thus  increasing  the  amount  of  its  respiratory 
exchanges.  Moreover,  the  infant  must  be  taken  out  at  regular 
intervals  to  be  fed,  in  this  way  interfering  with  the  progress  of  the 
experiment,  which,  for  its  successful  prosecution,  must  last  from 
four  to  six  days.  For  this  reason  the  study  of  infants’  respiratory 
metabolism  has,  up  to  recently,  been  carried  out  by  what  is  called 
the  statistical  method.  This  consists  in  recording  the  amount  of 
milk  ingested  by  the  infant  during  the  experimental  period,  as  well 
as  the  average  percentage  composition  of  that  milk  with  reference 
to  nitrogen,  carbon,  hydrogen,  and  oxygen.  A  similar  record  is 
made  of  the  average  amount  and  composition  of  the  urine  and 
faeces,  as  well  as  of  the  gain  of  the  infant  in  weight  during  the 
period  under  observation.  From  these  figures,  as  well  as  from  a 
knowledge  of  the  percentage  composition  of  the  infant’s  body,  the 
value  of  the  gaseous  metabolism,  i.e.,  the  amount  of  oxygen 
absorbed  and  CO.,  excreted,  can  be  determined  indirectly : — 

Example 

Weight  of  infant  =  5  kg. 

Intake  by  Mouth. — Amount  of  milk  (breast)  ingested  daily  = 
800  gm. 

Composition  of  Milk 


Water 

- 

-  708  gm. 

Ash 

- 

L4  „ 

Organic  substances 

- 

90*6  „ 

800  gm. 
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Percentage  Composition  of  Organic  Substances 

N  -  -  -  L3  gm. 

C  45*4  1 

H  6*8 


33 


o 


7-1 


33 

55 


90*6  gm. 


Excretion  from  Kidneys  and  Bowels 


Urine  -  520  gm.  Faeces 

Composition  of  Urine 

Water  - 
Ash  - 

Organic  substances 


20  gm. 

517  gm. 
0-5  „ 
2-5  „ 


520  gm. 


Percentage  Composition  of  Urinary  Organic  S?/bstances 


N 

C 

H 

O 


0’6  gm. 
0-9 
0-2 
0*8 


33 


33 


33 


Composition  of  Fceces 


Water 

Ash 

Organic  substances 


2 ‘5  gm. 


1  6’2  gm. 
0*2 
3-6 


33 


33 


20 


gm. 


Percentage  Composition  of  Fcecal  Organic  Substances 
N  -  -  -  0‘2  gm. 

C  -  -  -  2-2 

H  0*3 

O  0-9 


33 

33 

33 


Daily  Gain  in  Weight  was  25  gm. 

We  therefore  have  the  following  results  : — 
Amount  of  food  ingested  daily 
Daily  gain  in  weight 

Amount  of  food  used  up  daily  - 

Now  since  the  amount  of  nitrogen  ingested 
and  the  amount  of  nitrogen  excreted  in  urine  and 
faeces  =  0*6  -f-  0*2  - 

.•.  Amount  of  nitrogen  retained 


3*6  gm. 


=  800  gm 
=  25  " 


h*  hj  pe 

=  775  gm. 


1*3  gm. 


=  0-8 


33 


0'5  gm 
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This  represents  0*5  x  6 ‘25  =  3 ‘13  gm.  of  protein  gain. 

But  proportion  of  N  to  C  in  protein  =  1  :  3*28. 

.*.  0*5  x  3*28  =  1*640  gm.  of  carbon  must  be  contained  in  this 
protein  -  -  -  -  -  -  (1) 

But  in  the  average  composition  of  an  infant  there  is,  as  we  have 
seen,  15*9  per  cent,  of  carbon.  (See  Chap.  XXII.) 


.*.  Gain  in  carbon  in  25  gm.  of  body  gain 


25 

loo 


15*9  =  4  gm. 


Out  of  these  4  gm.  1*64  gm.  is  taken  up  as  protein. 


.*.  2*36  gm.  of  carbon  must  have  been  retained  in  the  form 
of  fat. 


But  fat  contains  76*1  per  cent,  of  carbon. 

.*.  Amount  of  fat  deposited  =  2*36  x  ,^  =  3  gm. 


We  therefore  learn  that  the  infant  gained  daily — 


Protein  -  3*13  gm. 

Fat  -  -  -  -  3 


Further,  since  total  gain  in  carbon  =  4  gm.  and  total  intake  of 
carbon  =  45*4. 

.*.  Total  amount  of  carbon  excreted  =  45*4  -  4  =  41*4  gm. 

But  amount  of  carbon  excreted  in  urine  and  faeces  (/.<?.,  0*9  and 
2*2)  =  3*1  gm. 

.*.  Amount  of  carbon  excreted  as  CCC  =5  38*3  ( =  41*4  -  3*1)  gm. 

These  38*3  gm.  of  carbon  require  for  oxidation  (i.e.,  to  produce 
C02)  x  32  =  102*8  gm.  of  oxygen. 

But  we  can  go  still  further : — 

Amount  of  hydrogen  ingested  =  6*8  gm.,  and  since  infant’s  body 
contains  2*38  per  cent,  of  hydrogen  (see  Chap.  XXII.), 

2*38 

.  *.  Amount  of  hydrogen  gained  =  25  x  — —  =  0*57,  say  0*6  gm. 


.*.  There  remains  for  excretion  6*8  -  0*6  =  6*2  gm.  of  hydrogen. 

But  the  amount  of  hydrogen  excreted  in  urine  and  faeces  = 
0*2 +  0*3  =  0*5. 

.*.  Amount  excreted  as  water  vapour  —  6*2-0  *5  =  5*7  gm. 

These  5*7  gm.  of  hydrogen  require  for  oxidation  5*7  x  8  =  45*6  gm. 
of  oxygen. 

.*.  Total  amount  of  oxygen  required  to  burn  up  the  carbon  and 
hydrogen  =  102*8  +  45*6  =  148*4  gm. 
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But  the  amount  of  oxygen  ingested  with  the  milk  —  37*1  gm., 

and  the  amount  of  oxygen  in  the  25  gm.  of  body  gain  =  ^ 

(since  infant’s  body  contains  5*36  per  cent,  of  oxygen)  =  L34. 

.*.  Amount  of  oxygen  remaining  for  excretion  —  37*1  -  1*34  =  35*8. 
Deduct  L7  gm.  (/.<?.,  0*8  -H  0*9)  excreted  in  urine  and  feces,  and 
we  have  amount  remaining  for  gaseous  excretion  =  35*8  —  1  *7  =  34*1 
gm.  oxygen. 

.*.  Amount  of  oxygen  taken  up  through  respiration  =  148*4  -  34*1 
=  1 14*3  gm. 


.*.  We  have  the  following  respiratory  exchange  : — 

Amount  of  oxygen  breathed  in  =  114*3  gm. 

,,  ,,  ,,  out  (as  CO,)  =  102*8  ,, 

o  =  0'9,  indicating  that 
1 14*5 

no  less  than  66  per  cent,  of  calories  have  been  derived  from  the 
oxidation  of  carbohydrates  (lactose)  (see  p.  284). 

Again,  since  5*7  gm.  of  hydrogen  are  excreted  as  water  vapour. 

.*.  Amount  of  water  vapour  =  5*7  x  9  =  51  *3  gm. 

But  percentage  of  water  in  infant’s  body  =  71*8  (see  p.  310). 

.*.  25  gm.  gain  represent  18  gm.  of  water. 

But  708  gm.  of  water  have  been  ingested,  and  533*2  gm.  of  water 
have  been  excreted  in  urine  and  feces. 

.*.  Amount  of  water  excreted  by  lungs  and  skin  =  156*8. 

.*.  4'otal  amount  of  water  excreted  by  lungs  and  skin  =  156*8  +  51*3 
=  208*1  gm. 

.*.  Insensible  perspiration  =  (141*1  +  208*1)  -  114  =  235  gm. 

Collecting  the  results  we  have  : — 

Total  gain 
Of  which  water  - 
,,  protein  - 
,,  fat 

and  extractives,  etc.  (by  difference)  -  =0*87  ,, 

Respiratory  quotient  -  -  -  =0*9  gm. 

Insensible  perspiration  -  -  =  235  ,, 

The  reliability  of  this  statistical  method  of  Camerer,  senior,  has 
been  proved  by  Rubner  by  control  experiments  with  the  respiration 
apparatus  in  two  boys,  ten  and  eleven  years  of  age. 

How  can  we  determine  what  portion  of  the  total  respiratory- 
exchange  is  due  to  protein,  carbohydrates,  and  fat  metabolism  re¬ 
spectively  ? 


=  25 


gm. 


-  =18*0  gm. 

-  =  3*13 

-  =  3*0 


)) 


l 


24*13  gm. 


.*.  Respiratory  quotient  (see  p.  281) 
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Since  100  gm.  of  meat  protein  contain  : — - 


Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

Sulphur. 

gm. 

gm. 

gm. 

gm. 

gm. 

52*38 

7 -2 7 

22*68 

16*65 

1*02 

Of  which  is  eliminatec 

1— 

In  the  urine 

9*406 

2*663 

14*099 

16*28 

1*02 

In  the  faeces 

1*471 

0*212 

0*889 

0*37 

Leaving  a  residue  for 

the  respiratory  pro- 

cesses  of 

41*50 

4*40 

7 '09 

Deduct  intram olecu- 

lar  water 

0*961 

7*69 

Leaving  a  remainder 

41*50 

3*439 

These  quantities  of  carbon  and  hydrogen  require  a  total  of 
138T8  gm.  of  oxygen  to  produce  152*17  gm.  of  CO,  and 
30*951  gm.  of  H.,0. 

.\  We  see  that  every  16*28  gm.  of  urinary  nitrogen  represents 
an  absorption  of  138*18  gm.  of  O.,  and  an  excretion  of  152*17  gm. 
of  C02  as  due  to  protein  metabolism,  or — 

Every  gram  of  urinary  nitrogen  equals  8*45  gm.  of  absorbed 
oxygen ,  and  9*35  gm.  of  eliminated  CO  ,. 

Hence,  knowing  the  amount  of  urinary  nitrogen,  one  can  find 
what  amounts  of  the  absorbed  oxygen  and  of  the  eliminated  CO., 
are  due  to  protein  metabolism,  and  what  to  the  combined  meta¬ 
bolism  of  carbohydrates  and  fat.  The  relative  amounts  of  each  of 
the  latter  two  can  easily  be  found  in  the  manner  already  described 
in  Chap.  XXI. 

Calorific  Value  of  Urinary  Nitrogen. — Since  16*28  gm.  of 
urinary  nitrogen  are  derived  from  100  gm.  of  protein  whose 
calorific  value  is  431*6  small  calories. 


1  gm.  of  urinary  nitrogen  = 


43T6 

16-28 


=  26*51  small  calories. 
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Calorific  Values  of  Respiratory  0.2  and  C02. — These  are  easy  to 
calculate.  Loewy  gives  the  following  table  : — 


1  Gm. 

Substance. 

02 

Absorbed. 

CO. 

Formed. 

Calories. 

Calories. 

R.Q. 

1  Litre 
02. 

l  Litre 

co2. 

Protein  - 

966*3 

c.c. 

773-9 

0-801 

4-316 

4-485 

5-579 

Fat 

2019-3 

1427-3 

0-707 

9-461 

4-686 

6-629 

Carbohydrates 

828-8 

828*8 

1-000 

4-182 

5-047 

5-047 

Amount  of  Energy  used  up  for  Growth. — It  is  generally  believed 
that  young  children  require  a  large  amount  of  food,  because  they 
grow.  This,  however,  is  not  the  case.  If  we  look  at  the  balance- 
sheets  of  the  infant  we  have  discussed,  we  see  that : — 

The  total  calories  of  the  food  ingested  -  =520 

Number  of  calories  utilised  for  the  gain  of 
3T3  gm.  of  protein  and  3  gm.  of  fat  = 
3*13x4*1+3x9*3  -  -  -  =  41 

showing  that  only  8  per  cent,  of  the  energy  is  utilised  for  growth. 

Direct  Measurement  of  Respiratory  Exchanges  in  Infants. — - 

J.  Forster,  in  1877,  was  the  first  to  measure  directly,  by  means  of 
a  Pettenkofer-Voit  apparatus,  the  gaseous  metabolism  of  an  infant. 
He  showed  that  a  young  child,  even  in  the  condition  of  hunger, 
produces  at  least  twice  as  much  CO.,  per  kilo  body  weight  as 
does  the  adult.  For  this  reason,  he  explained,  children  consume 
a  large  amount  of  food  in  proportion  to  their  weight. 

Richet,  in  1885,  carried  out  a  considerable  number  of  observa¬ 
tions  on  the  gaseous  metabolism  of  infants,  and  measured  the 
amount  of  heat  produced  by  the  infant  per  kilo  body  weight,  as 
well  as  per  square  metre  body  surface.  Langlois,  in  1887,  found 
that  the  heat  production  per  unit  of  the  body  surface  was  remark¬ 
ably  uniform  for  infants  of  all  weights  and  ages. 

In  1903  Variot  and  Saint-Albin  used  Langlois’  calorimeter  in 
the  study  of  gaseous  metabolism  of  atrophic  infants.  In  1912 
Variot  and  Lavialle  used  a  modified  form  of  the  d’Arsonval 
calorimeter,  and  found  that  clothing  has  a  great  influence  upon 
the  loss  of  heat  by  radiation  and  conduction  from  the  skin.  Thus, 
a  simple  bonnet  gave  an  actual  saving  of  65  cals,  a  day  (corre¬ 
sponding  to  600  c.c.,  or  21  oz.  of  milk  a  day).  The  legs,  protected 
by  suitable  stockings,  gave  a  saving  of  about  210  cals.  (  =  220  c.c., 
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or  7f  oz.  of  milk  a  day),  and  the  difference  in  the  heat  expenditure 
when  woollen  or  cotton  shawls  were  used  =  77  cals.  (7.<?.,  70  c.c., 
or  2l>  oz.  of  milk  a  day). 

Mensi,  of  Turin,  in  1894,  and  Scherer,  of  Prague,  in  1896,  also 
made  observations  on  the  respiratory  exchanges  of  infants,  as  did 
also  Poppi,  Babak,  Hasselbach,  and  others,  but  in  1898  Rubner 
and  Heubner 1  published  their  classical  monograph.  They  used 
a  Pettenkofer  apparatus,  and,  instead  of  keeping  the  infant  in  it 
for  but  one  hour,  as  did  Forster,  they  kept  their  infant  in  the 
respiration  apparatus  for  days,  and  removed  it  only  for  feeding 
six  or  eight  times  a  day. 

Before  we  proceed  with  the  discussion  of  an  actual  experiment, 
we  must  consider  for  a  minute  the  principle  of  conservation  of 
energy  as  applied  to  the  human  body. 

Conservation  of  Energy.— Robert  Mayer,  in  1842,  and  Helmholtz, 
in  1845,  showed  that  when  physical  and  chemical  forces  appear, 
they  are  only  the  result  of  transformation  of  energy,  but  that  no 
new  energy  is  formed  in  the  process.  Joule  measured  the  exact 
equivalent  of  heat.  In  the  case  of  the  living  body,  Lavoiser  and 
Laplace  measured  the  amount  of  heat  given  off  by  an  animal,  and 
compared  it  with  that  taken  in,  in  the  form  of  food,  and  found 
a  fair  approximation  between  the  two.  Dulong  and  Despretz,  in  a 
prize  essay  for  the  Paris  Academy,  found  the  two  figures  to  differ 
by  about  20  per  cent. 

Rubner  announced  the  law  of  conservation  of  energy  in  the 
living  animal,  and  the  following  is  an  example  of  his  experi¬ 
ments  : — 


Indirect  Method. 


A  starving  dog  excreted  T4  gm.  N  per  day 
=  1-4x26-81 

A  starving  dog  excreted  18*17  gm.  C  from  fat 
=  18*17  x  12*31  - 


=  37*1  cals. 
=  223*7 


Total 


—  260*8  cals. 


Direct  Method. 


The  amount  of  heat  given  off  as  measured  by  calorimeter  was: — 
Heat  given  off  to  calorimeter  -  -  =213*6  cals. 

to  warm  the  air  -  =  14*6  ,, 

to  evaporate  water  -  -  =  32*8 


55 


55 


5  5 


Total 


=  261*0  cals. 


The  two  agree  perfectly.  This  has  been  found  to  be  the  case 


34 


1  Zeitschr.  f.  Biol.,  36,  1 898,  p.  1. 
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in  all  animals,  including  man,  and  by  Howland  1  in  the  case  of 
infants.  Thus  Howland  gives  the  following  table  : — 


Food. 

Calories  per  Square 
Metre  per  Day. 

Difference 
per  Cent. 

Direct. 

Indirect. 

Child  I.  (male  infant, 

Milk 

1,046 

1,084 

5  months  old) 

1,113 

1,174 

•2 

1,196 

1,164 

J 

Milk  and  nutose 

1,204 

1,180 

1 

(casein) 

1,235 

1,212 

U)*6 

1,181 

1,250 

J 

Fasting 

1,106 

1,177 

1 

1,226 

1,156 

2 

1,301 

1,243 

J 

Child  III.  (atrophic 

Milk 

858 

793 

1 

male  infant,  6 

913 

933 

v9 

months  old;  weight, 

825 

840 

3  kg-) 

Hence,  one  can  say  that  the  principle  of  conservation  of  energy, 
like  that  of  conservation  of  matter  (see  p.  521),  holds  good  for  all  living 
beings,  including  man,  at  every  period  of  life,  as  it  does  for  the  rest  of  the 
organic  and  inorganic  world. 

Metabolism  Experiments  in  Infants. 

The  following  example  of  an  experiment  in  metabolism  in  an 
infant  is  instructive.  It  is  taken  from  Heubner  and  Rubner : — 
Infant,  aged  ten  weeks.  Weight  at  the  beginning  of  experiment, 
5,220  gm.  ;  at  end  of  experiment,  which  lasted  nine  days,  5,250  gm. 
Average  weight,  5,230  gm.  It  drank  daily  613  gm.  of  mother’s 
milk,  containing  6T5  gm.  of  protein,  1 7 T  gm.  fat,  and  43'5  gm.  of 
lactose. 

Intake . — (a)  Food.  Analysis  of  the  613  gm.  of  milk  showed  it 
to  contain  5247  gm.  of  water,  L3  gm.  of  ash,  and  69‘0  gm.  of 
organic  substances,  composed  as  follows  : — 

N,  1  +  C,  34-4  +  H,  5-2  +  O,  28*4  =  69*0  gm. 

(b)  Oxygen  through  lungs  as  measured  in  respiration  chamber 
=  96’2  gm. 

1  “l"rans.  Fifteenth  International  Congress  of  Hygiene,”  ii. ,  1912,  Part  II.,  438. 
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Output. — (a)  Urine  and  sweat  weighed  32T7  gm.,  and  consisted 
of  water,  322*0  gm.  ;  ash,  0*8  gm. ;  organic  substances,  E9  gm. 
The  last  composed  of  N,  0*5  f  C,  0‘6  4-  H,  0*2  +  O,  0*6  “19  gm. 

(h)  Faeces  =  38*2  gm.,  consisting  of  water,  35*0  gm.;  ash,  0*3  gm.; 
organic  substances,  2*9  gm.  The  last  composed  of  N,  0*2  +  C, 
T9  +  H,  0*2  +  0,  0*6  gm. 

(c)  Gaseous  excretion,  341*3,  consisting  of  CO.„  116*9  (  =  C,  31*9 
gm.,  and  O,  85*0  gm.).  Water,  181*4  gm. ;  organic  substances, 
43*0  gm.  (composed  of  H,  4*8  gm. ;  O,  38*2  gm.). 

We  therefore  have  : — 

(A)  Total  intake  of  carbon  =  34*4  gm. 

,,  excretion  of  carbon  =  0*6  +  T9  +  3 T9  =  34*4  gm. 

There  is  no  balance  for  gain  of  C. 

(A*)  Total  intake  of  hydrogen  =  5*2  gm. 

,,  excretion  of  hydrogen  =  0*4  +  4*8  =  5*2  gm. 

There  is  no  balance  for  gain  of  H. 

(C)  Total  intake  of  nitrogen  =  1  gm. 

„  excretion  of  nitrogen  =  0*5  +  0*2  =  0*7  gm. 

There  is  a  balance  for  gain  of  nitrogen  equal  to  0*3  gm. 

But  0*3  gm.  of  nitrogen  =  0*3  x  6*25  gm.  of  protein. 

The  infant  must  have  gained  1*8  7  5  gm.  of  protein. 

Further,  since  N  :  C  in  protein  =  1  :  3*28. 

T875  gm.  of  protein  must  contain  3*28  x  0*3  =  *984  gm.  of 

carbon. 

As  there  is  a  balance  between  the  amount  of  carbon  ingested 
and  the  amount  excreted,  this  0*984  gm.  of  carbon  which  has 
gone  to  form  protein  must  have  come  from  fat  (about  1*3  gm.),  since 
fat  contains  76*1  per  cent,  of  carbon. 

Hence  we  have  the  following  result : — 

The  infant  daily  gained  about  T9  gm.  of  protein  and  lost 
about  1*3  gm.  of  fat. 

Energy  Balance 

Protein  =  6*15x4*1  -  -  =  25*2  cals. 

Fat  =17*1  x  9*3  -  -  -  -162*0  „ 

Lactose  =  73*5  x  4*1  -  -  -  =178*4  „ 


Total  intake  of  calories 
Subtract  for  faeces,  loss  through  skin,  etc.  - 


Difference  - 

Add  from  excess  of  oxidised  body  fat 
(3  gm.)  above  gain  in  organic  substances 


Total 


=  365*6  cals. 

II 

Uv 

0 

cals. 

=  10 

55 

=  350 

cals. 

For  1  kg.  of  body  weight  there  are 


350 

5*2 


67  cals,  expended, 
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a  number  which  was  actually  found  also  by  direct  calorimetry. 

rpl  .  .  i  "l  of)*")  6  ,  . 

1  he  quantity  taken  in  per  kilo  =  — ~ —  =  70  cals. 

O '  jj 

Difference  between  calories  taken  in  and  calories  expended 
per  kilo  =  3,  representing  a  percentage  of  4  per  cent,  of  the  total 
calories  utilised  for  growth. 


Respiratory  quotient  =  =  0*88,  showing  that  a  large  amount 

fJ  v)  w 

of  lactos£  must  have  been  oxidised  (/>.,  59*2  per  cent,  of  carbo¬ 
hydrates  and  40‘8  per  cent,  of  fat,  as  per  Zuntz  and  Schumburg’s 
table,  given  on  p.  284). 


The  Relative  Magnitude  of  the  Metabolism  in  the  Child  and  in 
the  Adult  (Rubner’s  Law). 

We  have  seen  that  the  daily  food  requirement  of  a  normal 
infant  of  5  kg.  body  weight  is  such  as  will  yield  520  cals.  This 
means  at  the  rate  of  about  105  cals,  per  kilo  body  weight.  An 
adult  of  70  kg.  in  weight  requires  approximately  2,500  cals,  a  day, 
or  at  the  rate  of  about  35  cals,  per  kilo  body  weight.  Hence, 
when  reckoned  per  unit  of  body  weight,  an  infant  requires  three 
times  as  much  food  energy  as  does  an  adult.  We  have,  however, 
seen  in  the  study  of  the  skin  that  the  surface  area  of  the  body  in 
an  infant  per  kilo  body  weight  is  about  three  times  as  much  as 
in  the  adult,  and  hence  we  arrive  at  the  result  that : — 

The  amount  of  energy  required  by  an  infant  when  calculated  in 
relation  to  unit  of  body  surface  is,  under  the  same  environmental 
conditions ,  the  same  as  it  is  in  the  adult ,  and  that ,  therefore ,  the 
infant  or  child  has  no  metabolism  of  its  own.  Rubner  found  this 


Animal. 

Weight 
in  Kilos. 

Calories  Produced. 

Per  Kilo. 

Per  Square 
Metre. 

Horse 

441 

1L3 

948 

pig  - 

128 

19-1 

1,078 

Man 

64*3 

32*1 

1,042 

Dog 

15-2 

57*5 

1,039 

Rabbit 

2*3 

75*1 

>7  hr  n 

Goose 

3*5 

66*7 

969 

Fowl  - 

2*0 

71*0 

943 

Mouse 

0*018 

212*0 

1,188 

Rabbit  without  ears  - 

2-3 

75*1 

917 

1 
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law  of  skin  area  to  hold  good,  not  only  for  the  human  body  at 
any  age,  but  also  for  different  animals. 

The  table  on  p.  532,  given  by  Erwin  Voit,1 


Zeitschr.  f  Biologic,  xi.,  1901, 


illustrates  this  law. 
120. 
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Rubner  showed  that  this  constant  heat  production  per  unit  of 
body  surface  was  not  due  to  any  relation  between  the  area  of  the 
body  surface  and  the  area  of  cell  surface  within  the  organism. 
He  argued  as  follows  : — 

The  cells  constitute  63  per  cent,  of  the  weight  of  the  body. 
Therefore,  in  a  man  weighing  60  kg.  the  weight  of  the  cells  is 
63 

60  x  Too  =  37'8  kg’ 

The  total  surface  area  of  these  cells  9,014  sq.  metres. 


Fig.  113. — Ward  Crib  Recorder  for  recording  the  muscular  activities 
throughout  the  day  (Benedict  and  Talbot). 


9014 

1  kg.  of  man  has  =  150’2  sq.  metres  of  cell  surface. 


60 

But  1  kg.  of  man  produces  about  32  cals,  a  day. 


32 


Each  square  metre  of  cell  surface  produces  ^q<9  =  0’2 


cals,  a  day. 

But,  by  similar  calculations,  it  can  be  shown  that  in  the  new¬ 
born  mouse  each  square  metre  of  cell  surface  produces  2 ‘2  cals, 
a  day,  or  eleven  times  as  much  as  in  man. 

Benedict  and  Talbot,1  however,  as  the  result  of  their  very 
accurate  and  painstaking  investigation  of  thirty-seven  infants  in  a 


1  Carnegie  Inst.,  Washington,  Publication  No.  201,  1914. 
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specially  constructed  respiration  calorimeter  (Figs.  112-114),  have 
found  that  the  heat  production  per  square  metre  of  any  infant, 
instead  of  being  approximately  1,000  cals,  (see  table,  p.  402),  is 
far  from  constant,  but  varies  between  753  cals,  and  1,432  cals. 


Fig.  114. — Plan  of  Ward  Crib  Recorder  (Benedict  and  Talbot). 


(using  Lissauer’s  formula)  or  between  739  cals,  and  1,367 
cals,  when  Howland’s  formula  was  used  for  calculating  the 
surface  area  of  the  skin  (see  pp.  382  and  383).  In  this  they  are  in 
agreement  with  Magnus-Levy,  Sonden  and  Tigerstedt,  and  A. 
Loewy.  Benedict  and  Talbot  conclude  that  : — 
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1.  The  basal  metabolism  cannot  in  any  way  be  considered 
as  a  direct  function  of  the  body  weight  and  the  body  surface,  and 
particularly  has  no  relationship  with  body  surface  on  the  basis  of 
Newton’s  law  of  cooling. 

2.  The  evidence  points  strongly  and  conclusively  to  the  fact 
that  it  is  the  active  mass  of  protoplasmic  tissue,  and  not  the  body 
surface,  that  determines  the  fundamental  metabolism.  They 
explain  the  constant  relationship  between  metabolism  and  body 
surface,  as  found  by  Rubner  and  others,  to  be  due  to  the  fact  that 


Years 

Fig.  115. — Metabolism  of  Children  of  various  ages 
and  different  degrees  of  activity. 

in  normal  individuals  the  active  mass  of  protoplasmic  tissue  is 
proportional  to  the  surface  of  the  body.  For  it  has  been  shown 
by  Dreyer,  Ray,  and  Walker  1  that  not  only  the  body  surface  but 
also  blood  volume,  the  size  of  the  aorta  and  trachea  are  pro¬ 
portional  to  the  cube  root  of  the  square  of  the  body  weight,  and 
it  is,  therefore,  reasonable  to  expect  that  the  active  mass  of  proto¬ 
plasmic  tissue  may  develop  normally  in  this  ratio.  (See,  however, 
Rubner’s  calculation  of  relation  between  area  of  cell  surface  as 
given  above.) 

The  matter  is,  however,  by  no  means  settled  yet,  and  for  the 
present  one  must  say  that  the  prevailing  opinion  is  in  favour  of 
Rubner' s  law  of  surface  area ,  that  the  child  has  no  metabolism  of 
its  own,  but  that  the  consumption  of  O.,  and  elimination  of  CO.,  in 
the  resting  condition  are  functions  of  the  surface  of  the  body. 

1  Proc.  Roy.  Soc.,  86,  Ser.  B.,  1912-1913,  pp.  39  and  56. 
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Factors  which  have  an  Influence  on  Metabolism. 

1.  Muscular  Activity  {Y ig.  115). — Since  muscular  contraction 
is  always  accompanied  by  chemical  changes,  resulting  in  evolution 
of  heat,  it  is  obvious  that  the  greater  the  amount  of  muscular 
activity,  the  greater  will  be  the  amount  of  heat  produced. 
Benedict  and  Talbot  found  that  in  an  average  infant  muscular 
activity  increases  the  amount  of  metabolism  by  approximately  65 
per  cent.,  and  when  the  infant  is  extremely  restless  and  crying,  the 
increase  above  the  basal  or  minimum  metabolism  may  be  as  much 
as  200  per  cent,  or  more.  Thus,  for  ninety-three  infants,  Benedict 
and  Talbot  found  the  following  averages  : — 


Pulse  Rate. 

Heat  Production  per  24  Hours. 

Maximum. 

Minimum. 

Maximum. 

Minimum. 

Increase  of  Max. 
over  Min. 

129 

112 

234 

143 

65  per  cent. 

And  in  the  case  of  one  particular  infant  he  found  the  following 
values  : — 


162 

107 

386 

124  211  per  cent. 

1 

These  observers  took  the  pulse  rate  as  a  reliable  index  of  the 
degree  of  the  muscular  activity.  The  method  they  used  for 
recording  the  pulse  whilst  the  infant  was  in  the  respiration  chamber 
was  to  attach  the  bell  of  a  small  stethoscope  over  the  apex  beat  of 
the  infant’s  heart,  by  means  of  strips  of  adhesive  plaster,  and 
connecting  this  with  a  rubber  tube  leading  to  a  pipe  in  the  wall  of 
the  chamber — a  piece  of  rubber  tubing  and  the  earpieces  of  the 
stethoscope  being  attached  to  the  outer  end  of  the  pipe.  In  this 
way  it  was  possible  to  count  the  infant’s  pulse  during  the  progress 
of  the  experiment.  As  Benedict  and  Talbot  remark,  it  would  be 
far  more  satisfactory  to  obtain  a  permanent  record  of  the  pulse 
by  means  of  a  string  galvanometer.  No  mathematical  relationship 
could  be  established  between  the  increment  of  the  pulse  rate  and 
the  metabolism  of  an  infant,  although  such  a  relationship  has  been 
found  by  Benedict  in  the  case  of  a  fasting  adult.1  Benedict  and 
Talbot  found  that  the  difference  between  the  sleeping  state  and 


1  Benedict,  Carnegie  Inst.,  Wash.,  Pub.,  1915,  p.  350. 
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one  of  active  exercise  may  amount  to  as  much  as  100  per  cent. 
Hence  it  is  clear  that  in  making  a  comparative  study  of  the 
metabolism  of  healthy  infants,  and  of  quiet,  sick  babies,  the 
comparison  is  of  no  value  unless  the  extra  metabolism  due  to 
the  activity  of  the  healthy  body  is  allowed. 

Basal  or  Minimal  Metabolism. — By  this  is  meant  the  metabolism 
during  complete  muscular  and  gastro-intestinal  rest.  This  occurs 
twelve  hours  after  taking  food,  when  absorption  of  material  from 
the  alimentary  tract  has  ceased.  It  is  obvious  that  in  infants 
complete  muscular  repose,  such  as  a  long  interval  after  a  feed,  is 
almost  impossible  to  attain,  but  as  Benedict  and  Talbot  remark, 
an  infant’s  diet,  containing,  as  it  does,  only  15  per  cent,  of  the 
total  energy  requirement  of  the  body  in  the  form  of  protein,  only 
has  the  minimum  influence  upon  the  heat  production  of  the 
infant,  and  hence  the  metabolism  found  during  deep  sleep,  even 
soon  after  feeding,  may  be  taken  as  the  basal  metabolism  of  the 
infant. 

2.  Specific  Dynamic  Effect  ( S.D.E .)  ofi  a  Food. — If  the  basal 
metabolism  of  an  animal  be  determined  during  a  period  of  fasting, 
and  then  the  same  animal  be  fed  for  definite  periods  with  protein, 
fat,  or  carbohydrates,  without  allowing  it  to  do  any  muscular  work,  it 
is  found  that  there  is  a  rise  in  the  gaseous  exchange  as  well  as  in  the 
heat  production  of  the  animal,  and  that  this  rise  varies  with  the 
nature  of  the  food  ingested,  being  greatest  with  protein  and  least 
with  carbohydrates.  This  rise  in  the  metabolism,  due  to  ingestion 
of  food,  is  called  the  specific  dynamic  effect  of  the  food.  Rubner 
found  that  the  specific  dynamic  effect  of  protein  is  30*9  per  cent, 
(above  the  basal  metabolism),  of  fat  12‘7  per  cent.,  and  of  carbo¬ 
hydrates  5  8  per  cent. 

Cause  ofi  the  Specific  Dynamic  Effect. — Von  Mering  and  Zuntz 
ascribed  the  increased  metabolism  caused  by  ingestion  of  food  to 
the  work  of  digestion,  i.e .,  the  muscular  movements  of  the  gastro¬ 
intestinal  tract,  and  work  of  secretion,  as  well  as  to  increased 
cardio-vascular  activity.  This,  however,  has  been  denied  by  Voit, 
and  has  been  definitely  disproved  by  Rubner. 

Other  observers,  such  as  Lusk,  Benedict  and  Emmer,  and 
Johansson,  have  since  confirmed  Rubner’s  views  by  means  of  the 
following  experiments  : — 

(a)  When  intestinal  irritation  is  caused  in  a  starving  dog  by 
feeding  it  with  bones,  or  by  the  administration  of  cathartics,  there 
is  no  rise  in  metabolism. 

(fi)  When  meat  extract  is  given  to  a  starving  dog  the  activity 
of  the  secretory  glands  is  aroused  without  causing  a  rise  in 
metabolism. 
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{c)  When  a  starving  dog  is  made  diabetic  with  phloridzin, 
there  is  an  increase  in  the  breaking  down  of  the  body  protein,  and 
Rubner  found  that  for  every  100  cals,  increase  in  body  protein 
metabolised,  there  was  an  increased  heat  production  of  30*9 
cals.,  although  the  metabolism  of  the  protein  in  this  case 
brought  no  extra  work  upon  the  gastro-intestinal  tract. 

What  exactly  is  the  cause  of  the  specific  dynamic  action  of 
protein  is  not  quite  clear,  but  the  work  of  Lusk  and  others  seem  to 
lend  support  to  Voit’s  view  that  the  action  of  food  augments  the 
inherent  power  of  the  cells  to  metabolise. 

The  specific  dynamic  effect  of  any  food  can  easily  be  calculated 
if  the  relative  proportions  of  the  protein,  carbohydrate,  and  fat 
contained  in  it  are  known.  Thus,  suppose  we  wish  to  know  what 
is  the  S.D.E.  of  cow’s  milk,  we  proceed  as  follows: — 

The  milk  contains  3 '41  per  cent,  protein,  3 '8  per  cent,  fat,  and 
4*9  per  cent,  sugar.  This  means  that  the  relative  proportions  of 
these  constituents  are — 

Protein  -  -  -  28*16  per  cent. 

Fat  -  31 '38 

Sugar  -  -  -  40'46  „ 

Multiplying  each  by  its  own  S.D.E.  we  get — 

28-16  x  0'309  +  31*38  x  0T27  +  40'46  x  0-058 -  15. 

.*.  S.D.E.  of  cow’s  milk  =  15  per  cent. 

3.  Influence  of  the  Temperature  of  the  Food. — Lusk  1  has  shown 
that  cold  food  produces  a  greater  metabolism  than  the  same  food 
taken  at  body  temperature  : — 


Glucose  in  Cold  Water. 

Glucose  in  Water  at  38°  C. 

Indirect. 

Direct. 

Indirect. 

Direct. 

Cals. 

Cals. 

Cals. 

Cals. 

80*33 

75-19 

75-92 

76*39 

When  the  glucose  was  taken  in  warm  water  the  amount  of 
heat  actually  produced  agreed  with  that  calculated  indirectly  from 
the  heat  value  of  the  glucose,  but  when  taken  in  cold  water  there 
was  increased  oxidation,  in  order  to  furnish  the  heat  necessary  to 
warm  the  fluid  in  the  stomach. 

4.  The  Source  of  the  Milk . — Artificially  fed  infants  produce 
more  heat  than  those  fed  on  the  breast,  because  the  baby  is  more 

1  “  The  Science  of  Nutrition,”  Philadelphia  and  London,  1917,  p.  123. 
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restless,  and  performs  more  work  during  digestion  on  account  of  the 
greater  indigestibility  of  the  casein. 

5.  Influence  of  Length  of  Child. — We  have  considered  the 
relationship  between  weight  and  surface  of  child,  and  the  amount 
of  its  metabolism.  Benedict  and  Talbot  found  that  the  length  of 
the  child  also  influences  the  amount  of  its  metabolic  activity. 
They  found  that  there  was  a  distinct  tendency  for  shorter  infants 
to  have  a  lower  heat  production  per  square  metre  of  body  surface 
than  longer  infants.  Thus,  on  dividing  the  heat  production  per 
square  metre  of  the  body  surface  per  twenty-four  hours  by  the 
length  of  the  infant,  they  found  an  average  of  12*65  cals,  per  sq. 
metre  of  surface  per  centimetre  of  length  (the  values  for  forty  infants 
ranging  between  1L9  cals,  and  13*4  cals.).  They  therefore  give 
the  following  formula  : — 

Total  calories^  12*65  /  x  10*3  \Av2. 

Where  l—  length  of  infant, 

and  W  =  weight  of  infant. 

The  following  table  gives  a  comparison  of  the  minimum  heat 
production  as  determined  from  the  gaseous  metabolism,  and  as 
computed  by  means  of  this  formula : — 


1 

Length,  Cm. 

Body 

Weight,  Kg. 

Surface, 

m-dVvw 

Sq.  Metre. 

' 

Heat  Productions  per  24  Hours. 

As  Computed 
from  Formula 
12*65  / 
x  10*3  %JW. 

As  Computed 
from 
Gaseous 
Metabolism. 

Difference 
per  Cent. 

52 

3*63 

0*243 

160 

166 

-  3*6 

46-5 

3*28 

0-227 

133 

139 

-4*3 

52 

4*32 

0*273 

180 

191 

-5*8 

50 

3*25 

0*226 

143 

138 

+  3*6 

53 

4*03 

0*261 

175 

175 

0 

50 

3*46 

0*235 

149 

151 

-  1*3 

50*5 

2*90 

0*210 

134 

134 

0 

54 

3*95 

0*257 

176 

176 

0 

54*5 

4*52 

0*282 

194 

188 

+  3*2 

50 

3*31 

0*229 

1 

145 

129 

+  12*4 

6.  The  Influence  of  Clothing. — This  has  already  been  described 
on  p.  528. 

Maintenance  Ration. — By  this  is  meant  the  amount  of  food 
(in  calories)  required  by  an  animal  to  maintain  its  weight. 
This  has  been  found  to  be  1,500  cals,  per  sq.  metre  of  surface  in 
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the  case  of  infants.  For  an  infant  of  5  kg.  the  surface  would  be 
10’3  V25  =  about  0’3  sq.  metre. 

Therefore  its  maintenance  diet  =  450  cals. 

Growth  Quotient. — If  the  infant  gains  in  weight,  one  must  add 
T87  cals,  for  each  1  gm.  gain  in  body  weight  (this  being  the 
calorific  value  of  the  infant’s  body  substance,  as  calculated  from  the 
percentage  composition  of  a  new-born  baby  (see  p.  310),  viz., 
0-115  x  5-51  +0-135  x  9‘3=T87). 

Therefore  if  the  baby  gains  30  gm.  a  day,  the  extra  amount  of 
energy  required  =  30  x  T87  —  56*1  cals.  —  12*4  per  cent,  of 
maintenance  ration. 

This  percentage  of  energy  required  for  growth  is  called  the 
growth  quotient.  The  growth  quotient  varies  for  different  ages  ; 
the  younger  the  infant  the  greater  its  gain,  and,  therefore,  the 
greater  also  is  its  growth  quotient. 

Laws  of  Growth  (compare  Chap.  XXXIV.,  p.  544  et  seq.). — - 
C.  Oppenheimer  was  the  first  to  draw  attention,  in  1901,  to  the  fact 
that  the  increase  in  weight  of  normal  breast-fed  children  of  even  age 
is  proportional  to  the  amount  of  milk  taken.2  In  the  following  year  it 
was  shown  by  L.  C.  Sanford  and  Margaret  B.  Wilson,  working  in 
Lusk’s  laboratory,  that  the  growth  of  new-born  pigs  of  different  litters, 
when  reared  on  skimmed  milk,  or  on  the  same  milk  to  which  2  or  3 
per  cent,  of  glucose  had  been  added,  ran  parallel  with  the  heat  value 
of  the  ingested  food.  It  was  found  that  each  animal  gained 
about  215  gm.  in  weight  per  1,000  cals,  in  the  ingested  food.3 
Analogous  results  in  the  case  of  dogs  were  obtained  by  Rost,4  the 
gains  per  1,000  cals,  ingested  in  the  food  being  about  130  gm. 

Rubner 5  has  succeeded  in  formulating  the  following  laws 
regarding  the  growth  of  all  species  of  animals  (horse,  calf,  sheep, 
pig,  dog,  cat,  rabbit)  except  man. 

(1)  Law  of  Constant  Energy  Consumption. 

“  The  number  of  calories  required  to  double  the  weight  of  a  new¬ 
born  animal  of  all  species  ( except  man)  is  practically  the  same ,  in  spite 
of  the  enormous  differences  i?i  time  taken  in  attaining  the  doubled  weight .” 
To  build  1  kg.  of  body  substance  containing  30  gm.  of  nitrogen 
and  1,772  cals,  approximately  4,800  cals,  are  required.  Man 
is  an  exception,  and  requires  six  times  the  amount. 

1  The  true  heat  value  of  protein  when  burned  in  a  calorimeter  is  5*5,  although 
its  physiological  heat  value  when  metabolised  in  the  body  is  only  4 '4,  because  it 
is  not  completely  oxidised  in  the  body,  it  being  excreted  as  urea,  whose  heat  value 
has  to  be  deducted. 

2  Zeitschr.  f  Biologic,  42,  1901,  147. 

2  Wilson,  Amer.  fount.  Physiol . ,  8,  1902,  197. 

4  “  Arbeiten  aus  dem  Ivaiserl.  Gesunhutsamte,”  18,  1001,  206. 

5  “Das  Problem  der  Lebensdauer,'1  Munchen  arid  Berlin,  1908,  p.  160. 
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The  growth  quotient  (/.<?.,  the  percentage  of  calories  fixed  out  of 
the  number  introduced)  is  34  per  cent,  in  all  the  above  animals, 
except  in  man,  in  whom  it  is  5  per  cent,  (possibly  because  he  is 
kept  warm,  and  sleeps  most  of  the  time). 

From  this  law  it  follows  that  the  more  rapid  the  rate  of 
growth  of  the  animal,  the  more  actively  must  its  energy  metabolism 
take  place.  But  as  the  amount  of  energy  metabolism  varies  with 
the  extent  of  the  body  surface  (law  of  surface  area),  it  follows  that 
the  smaller  the  animal  the  more  rapid  is  its  rate  ot  growth. 

(2)  Law  of  Length  of  Life. 

“The  amount  of  energy  consumed  in  a  kilogramme  of  living 
protoplasm  from  maturity  to  death  is  constant  for  all  animals  (and 
equals  191,600  cals.),  except  in  the  case  of  man  who  uses  up  four 
times  as  much.”  So  that  natural  death  occurs  when  a  certain 
number  of  calories  per  unit  body  weight  has  been  consumed. 


CHAPTER  XXXIV 


DIETETICS 

“  Exuberance  of  nutriment,  as  of  many  of  the  other  goods  of  life,  is  frequently 
rather  a  curse  than  a  blessing  to  the  body.”  Sir  Henry  Holland. 

The  Infant’s  Food. — The  infant  requires  a  food  which  should 
be  in  the  fluid  state,  because  it  has  no  teeth  for  mastication,  should 
contain  a  plentiful  amount  of  protein  and  salts  to  be  sufficient, 
qualitatively  and  quantitatively,  not  only  for  making  good  the  wear 
and  tear  of  the  body,  but  also  to  allow  for  growth  and  for  deposition 
of  new  tissue,  and  should  also  be  of  sufficiently  high  calorific  value 
to  allow  for  the  proportionately  high  heat  loss  on  account  of  the 
relatively  large  skin  surface.  Milk  fulfils  all  these  requirements. 

Milk. — A  comparison  of  the  compositions  of  the  milks  of 
various  animals  shows  that  the  more  rapid  the  growth  of  the  young, 
the  higher  is  the  protein  (as  well  as  the  ash)  percentage  in  its  mother’s 
milk.  This  is  seen  from  the  following  table  given  by  Proscher1 : — 


Animal. 

Period  (in 
Days)  in 
which  the 
New-born 
Doubles  its 
Birth  Weight. 

Protein. 

Ash. 

Lime. 

Phosphoric 

Acid. 

Man 

180 

1-6 

0*2 

0-328 

0-473 

Horse  - 

60 

2-0 

0-4 

1-240 

1-310 

Cow 

47 

3-5 

0-7 

1-600 

1-970 

Goat  - 

19 

4-3 

0-8 

2-100 

3-220 

Pig 

18 

5-9 

.  .  . 

.  .  . 

.  .  . 

Sheep  - 

10 

6-5 

0-9 

2-720 

4-120 

Dog 

8 

7T 

1*3 

4-530 

4-930 

Cat 

7 

9-5 

No  similar  relationship  exists  between  the  rate  of  growth  and 
the  fat  or  sugar  contents  or  the  calorific  value  of  the  milk. 

The  Proteins  of  Milk :  Caseinogen  and  Ladalbumen. — The 
lactalbumen  of  milk  agrees  in  all  its  properties  with  the  serum 
albumen  of  the  same  animal.  The  caseinogen  differs  from  all 

1  Zeitschr.  Physiol.  Chem. ,  24,  1898,  285. 
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other  proteins  in  this  respect,  that  while  other  proteins  yield  on 
hydrolysis  or  on  digestion  in  the  intestine  only  a  certain  number 
of  amino  acids  varying  in  nature  with  the  particular  protein, 
caseinogen  contains  practically  all  the  various  amino  acids,  or 
building  stones ,  required  for  growth  in  considerable  proportions. 
This  is  seen  from  the  following  table  given  by  Osborne  : — - 


Casein. 

Oval- 

bumen. 

Gliadin. 

Zein. 

Edestin. 

• 

Legumin. 

Ox 

Muscle. 

Glycocoll  - 

3-80 

0-38 

40 

Alanine 

1-50 

2-22 

2-00 

13-39 

3-60 

2-08 

8-1 

Valine 

7-20 

2-50 

3*34 

1-88 

6-20 

•  •  • 

2-00 

Leucine 

9-35 

10*71 

6-62 

19-55 

14-50 

8-00 

14-3 

Proline 

6-70 

3*56 

13-22 

9-04 

4*10 

3-22 

8-0 

Phenylalanine  - 

3-20 

5-07 

2-35 

6-55 

3-09 

3-75 

4-5 

Glutaminie  acid  - 

15-55 

9-10 

43*66 

26-17 

18-74 

13-80 

10-6 

Aspartic  acid 

1-39 

2-20 

0-58 

1-71 

4*50 

5-30 

22-3 

Serine 

0-50 

... 

0-13 

102 

0-33 

0*53 

... 

Tyrosine  - 

4-50 

1-77 

1-61 

3-55 

2-13 

1-55 

4-4 

Cystine 

.  .  . 

.  .  . 

0-45 

.  .  . 

TOO 

.  .  . 

.  .  . 

Histidine  - 

2-50 

1-71 

1-84 

0-82 

2-19 

2-42 

14-5 

Arginine  - 

3-81 

4-91 

2-84 

1-55 

14-17 

10-12 

11-55 

Lysine 

5-95 

3-76 

0-93 

.  .  . 

1-65 

4-29 

7-6 

Tryptophane 

1-50 

Present 

1-00 

•  .  . 

Present 

Present 

Present 

Ammonia  - 

1 

1-61 

1-34 

5-22 

3-64 

3-28 

1-99 

1-07 

Thus,  gliadin  (the  protein  of  wheat  or  rye)  or  hordein  (the 
protein  of  barley)  contains  only  a  small  proportion  of  lysine,  which 
is  an  important  building  stone.  Zein  (the  protein  of  maize)  contains 
no  lysine  at  all,  and  contains  also  no  tryptophane  ;  and  hence  animals 
fed  on  zein,  as  the  sole  supply  of  protein,  soon  begin  to  lose  in  weight, 
and  ultimately  die.  If,  however,  lysine  and  tryptophane  are  added, 
the  weight  curve  of  the  animal  soon  rises.  Indeed,  if  tryptophane 
alone  is  added  without  any  lysine,  the  weight  curve,  instead  of  falling, 
becomes  horizontal,  showing  that  this  amino  acid  is  sufficient  for 
maintenance  of  life,  although  it  is  inadequate  for  growth.  Casein, 
however,  contains  very  considerable  quantities  of  both  these  building 
stones.  It  is  true  that  casein  contains  no  glycocoll  and  only  a 
doubtful  percentage  of  cystine,  but  the  absence  of  glycocoll  is  of  no 
great  importance,  because  the  organism  can  manufacture  this  amino 
acid  for  itself  out  of  glyoxal,  H.CO.CHO  (which  is  produecd  during 
the  metabolism  of  carbohydrates),  and  ammonia.  Thus 

H.CO.CHO  +  N  H;3  =  CH  ,.NH,.CCOH 

Glycocoll. 
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The  deficiency  of  cystin  in  casein  is  made  good  by  the  lact- 
albumen,  which  contains  enough  of  this  amino  acid  to  provide  for 
growth. 

The  work  of  Osborne  and  Mendel,1  Hopkins  2  and  others  has 
shown  that  although  certain  proteins  like  gliadin  and  hordein  are 
sufficient  only  for  maintenance  but  not  for  growth,  yet  if  male  and 
female  animals  are  fed  for  a  few  months  with  gliadin  alone  and 
then  mated,  the  offspring,  when  nourished  by  their  mother’s  milk, 
show  normal  growth;  but  when  placed  on  gliadin  diet  their  growth 
becomes  retarded.  This  shows  that  during  gestation  a  synthesis 
of  the  requisite  body  proteins  must  have  taken  place  inside  the 
mother’s  body  in  sufficient  quantity  to  allow  for  the  normal  growth 
of  the  young,  both  pre-natally  and  post-natally. 

Waters,  in  1908  and  1909,  and  Aron,  in  191 1,3  have  shown  that 
it  is  possible  for  an  animal  to  grow  in  its  linear  dimensions  as  well 
as  for  its  brain  to  increase  in  weight,  although  its  body  weight 
remains  stationary,  or  is  even  decreasing.  This  is  due  to  the  fact 
that  the  skeletons  or  brains  of  such  animals  grow  at  the  expense  of 
the  reserve  material  of  the  body,  especially  the  fat. 

Similar  growth  in  length  simultaneously  with  a  diminution  in 
weight  often  occur  in  infants.  Moreover,  it  might  even  happen 
that  an  infant  may  increase  in  weight  for  a  short  time,  in  spite  of 
an  insufficiency  in  food  and  a  negative  energy  balance  (see  p.  531). 
In  either  case  the  growth  takes  place  at  the  expense  of  the  body 
fat.  This  would  seem  to  show  that  growth  is  essentially  due  to 
certain  peculiar  forces  which,  having  been  imparted  to  the  ovum 
during  fertilisation,  cause  not  only  the  ovum  to  segment  but  the 
embryo,  foetus,  and  child  to  grow  in  virtue  of  the  power  of  the 
growing  cells  to  attract  to  themselves  food  substances  either  from 
outside  or  inside  the  body. 

The  fact  that  a  diet  may  be  sufficient  for  maintenance,  but  not  adequate  enough 
for  growth,  has  been  recently  applied  by  Sweet,  Corson,  White,  and  Saxon  4  in  the 
treatment  of  malignant  tumours.  They  found  that  in  mice  fed  on  a  diet  not 
containing  the  amino  acids  requisite  for  growth,  ey.,  washed  gluten,  starch,  lard, 
lactose,  and  salts,  and  inoculated  with  rapidly  growing  tumours,  the  tumour  grew 
much  less  rapidly  than  in  those  fed  on  a  normal  diet  and  inoculated  at  the  same 
time.  In  one  case,  after  keeping  the  mouse  on  a  restricted  diet  for  fifty-two  days 
after  inoculation,  the  tumour  was  no  bigger  than  4  mm.  in  diameter  ;  but  when 
the  animal  was  then  put  on  normal  diet  (bread,  corn,  etc.)  the  tumour  grew  in 
thirty  days  to  a  size  equal  to  that  of  the  mouse  itself. 

Amount  of  Protein  taken  by  an  Infant. — If  we  compare  the 
amounts  of  protein  ingested  daily  by  an  adult  and  an  infant 

1  fourn.  Biol.  Chew.,  xii.  and  xiii.,  1912;  xvii.,  1913;  and  xvii.,  1914. 

2  foum.  Physiol .,  xliv.,  1912. 

3  Quoted  by  Child,  “Senescence  and  Rejuvenescence,”  Chicago,  1915. 

4  fourn.  Biol.  Chew .,  15,  1913,  181  ;  and  21,  15,  309. 
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respectively,  we  find  the  following  result :  An  adult,  weighing 
67  kg.,  takes  about  100  gm,  of  protein,  /.<?.,  about  L5  gm.  of 
protein  per  kilo  body  weight,  whilst  an  infant,  six  months  old, 
of  about  6 ‘7  kg.  weight  takes  a  litre,  of  milk  containing  nearly  20  gm. 
of  protein,  i.e.,  nearly  twice  as  much  per  kilo  body  weight  as  is 
taken  by  the  adult.  But  it  has  been  pointed  out  that  although 
per  unit  body  weight  an  infant  takes  more  protein  than  the  adult, 
in  proportion  to  body  surface  the  amount  is  approximately  the 
same  in  both.  This  has  been  lately  denied  by  Siegert,  who 
gives  the  following  table,  which  gives  the  demand  of  the  child  for 
protein  and  N2  : — 


Weight  in 
Kg. 

Surface  in 
Sq.  m. 

Total 
Protein 
in  Gm. 

Total  N2 
in  Gm. 

Protein 
per  Kilo 
in  Gm. 

No  per  Kilo 
in  Gm. 

8-5 

0-548 

24-1 

3-85 

2-8 

0-448 

10 

0-555 

23-5 

3-76 

2-35 

0-376 

12 

0-627 

24-3 

3-9 

2-0 

0-320 

14 

0-696 

27-6 

4-4 

2-0 

0-320 

16 

0-760 

29-4 

4-7 

1-8 

0-288 

18 

0-821 

34-1 

5-45 

1-9 

0-304 

20 

0-908 

34-7 

5-552 

1-7 

0-272 

30 

1-187 

40-9 

6-54 

1-36 

0-217 

40 

1-442 

46-2 

7-3 

1-15 

0-184 

As  the  demand  for  protein  is  regulated  by  the  nitrogen  in  the 
child’s  body  and  not  by  the  heat  production,  it  is  difficult  to  see 
how  it  can  be  proportional  to  the  surface. 

For  the  difference  in  the  digestibility  of  human  and  cow’s 
caseinogen  the  reader  is  referred  to  the  chapter  on  “Infant  Feeding” 
in  any  text-book  on  Pediatrics. 

The  Fa/s  of  Milk. — These  consist  of  the  glycerides  of  butyric, 
palmitic,  and  stearic  acids,  in  addition  to  lecithin,  which  is  a 
combination  of  a  phosphorised  fat  with  a  nitrogenous  basic  radicle. 
On  warming  it  with  baryta  water  it  breaks  up  into  fatty  acid, 
glycerophosphoric  acid,  and  choline  (trimethyl-oxethyl-ammonium 
hydrate,  OH  —  N(CH3)3  -  C2H4  -  OH).  Lecithin  is  found  in  the 
brain  and  nerve  tissue,  and  hence  we  should  expect  that  the  milk 
of  those  animals  in  which  the  growth  of  the  brain  is  most  rapid 
during  the  early  period  of  life  should  contain  the  largest  percentage 
of  lecithin.  This  has  been  found  to  be  the  case,  as  is  seen  from 
the  following  table  (Starling) : — 
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Calf. 

Puppy. 

Infant. 

Relative  brain  weight  (body=  1) 
Lecithin  content  of  milk  in  percent¬ 
age  of  protein 

1  :  370 

1  TO 

1  :  30 
2T1 

1  :  7 
3-05 

Carbohydrates. — Human  milk  contains  more  lactose  (7  percent.) 
than  cow’s  milk  (4 ’50  per  cent.).  This  may  be  a  provision  for 
the  greater  development  of  the  brain  as  well  as  the  rapid  myelination 
of  the  brain  fibres  during  the  first  few  post-natal  weeks  in  the  case 
of  the  infant.  The  myelin  contains  a  considerable  amount  of 
galactolipins,  of  which  galactose  is  one  of  the  constituents.  This 
galactose  may  possibly  be  derived  from  the  lactose  in  the  milk. 
Cane  sugar  is,  therefore,  not  a  proper  substitute  for  lactose.  Lactose 
resembles  fat  in  that  it  contains  no  nitrogen,  but  it  resembles  protein 
in  that  both  have  the  same  calorific  value.  It  is,  therefore,  an 
interesting  question  to  consider  why  milk  should  contain  lactose 
at  all  ?  Could  not  its  energy  value  be  supplied  by  the  protein  or 
fat  ?  The  answer  seems  to  be  that  not  only  may  lactose  provide  a 
necessary  constituent  for  myelin,  but  that  if  either  protein  or  fat 
were  to  be  the  sole  energy  supply,  too  much  work  would  be  thrown 
on  the  digestive  organs.  Moreover,  an  excess  of  fat  would  fail 
to  be  absorbed,  and  in  the  process  of  excretion  in  the  faeces  would 
combine  with  some  of  the  calcium,  and  thus  diminish  the  absorption 
of  that  substance. 

Further,  not  only  do  carbohydrates  act  as  protein  sparers,  but 
Cathcart  has  shown  that  they  are  necessary  for  the  synthetic 
processes  in  the  cells  in  connection  with  protein  metabolism. 
On  the  other  hand,  lactose  acts  as  a  mild  aperient.  Hence,  whilst 
a  moderate  amount  is  useful,  an  excess  of  this  substance  would 
give  rise  to  diarrhoea,  with  a  considerable  loss  of  nitrogen  from 
the  body. 

Salts. — Human  milk  contains  less  inorganic  constituents  than 
cow’s  milk,  except  in  the  case  of  iron ,  which  is  present  to  the 
extent  of  about  three  or  four  times  as  much  in  human  as  in 
cow’s  milk.  Bunge  was  of  opinion  that  most  of  the  iron  required 
by  the  infant  was  derived,  not  from  the  milk  but  from  a  store  of 
that  metal  in  the  foetal  liver.  Soxhlet,1  however,  has  shown  that 
human  milk  contains  quite  enough  iron  (4  mg.  per  litre)  to  satisfy 
the  demands  of  the  infant.  The  amount  of  iron,  however, 
gradually  diminishes  towards  the  later  periods  of  lactation,  and  hence 
prolonged  breast  feeding  is  liable  to  cause  anaemia  in  the  infant. 

For  the  relationship  between  the  rapidity  of  growth  of  an 

1  Munch.  Med.  Woehenschr.,  28,  1912,  1529. 
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animal  and  the  amount  of  salts  in  its  mother’s  milk,  see 
the  table  on  p.  543. 

Calcium. — Human  milk  contains  0*03-0*08  per  cent,  of  calcium, 
and  the  amount  slightly  decreases  during  the  progress  of  lactation. 
But  the  amount  received  by  the  infant  is  not  necessarily  diminished 
on  account  of  the  larger  amount  of  milk  taken.  Of  the  amount 
taken,  about  5-10  per  cent,  is  excreted  in  the  urine  in  combination 
with  phosphoric  acid.  Some  calcium  is  also  excreted  in  the 
feces,  and  this  amount  varies  with  the  proportion  of  fat  ingested. 
Hence  it  is  possible  for  an  infant  to  develop  rickets  even  if  it 
receives  a  large  amount  of  calcium. 

For  a  comparison  of  the  salt  contents  of  milk  and  serum,  and 
Bunge’s  theory,  see  p.  314. 

For  the  metabolism  of  the  other  salts,  see  Morse  and  Talbot’s 
“  Diseases  of  Nutrition  and  Infant  Feeding”  (London,  1915). 

The  Amount  of  Milk  Daily  Required  by  the  Infant. — We  have 
seen  that  the  maintenance  ration  of  an  average  infant  is  1,500 
cals,  per  square  metre  per  day,  and  that  the  growth  quotient 
is  about  13 '5  per  cent,  of  the  maintenance  ration  (=188  cals.). 
Therefore  the  total  heat  value  of  the  infant’s  daily  ration  must 
be  1,688,  say  1,700  cals,  per  square  metre.  Now,  human  milk 
contains  on  the  average  1*6  per  cent,  protein,  4  per  cent,  fat,  and 
7  per  cent,  carbohydrates,  and  consequently  its  heat  value  per 
100  c.c.  =  1*6  x  4T  +  4  x  9*3  y  7*41  =  73*6  cals.  =  736  cals,  per  litre. 

Therefore,  to  supply  1,700  cals.,  2*3  litres  of  milk  (  ~  are 

required.  So  that  we  find  that  the  daily  requirements  of  the  infant 
are  2*3  litres  of  milk  per  square  metre  of  surface.  But  we  have 
seen  that  the  surface  area  of  the  body  can  be  calculated  from  its 
weight.  Hence,  knowing  the  weight  of  the  infant,  we  can  calculate 
the  amount  of  food  required  by  it.  Using  Lissauer’s  formula, 
S  =  10"3  l/W2,  we  obtain  the  following  table  : — 


Weight 
in  Kg. 

Surface  in  sq.m. 

s  =  io*3VwT 

Heat  Loss 
in  Calories 
= 1,700  S. 

Amount  of 
Milk  in  c.c. 

=  2,300  S. 

Q 

6 

0-2492 

424 

573 

4 

0-3024 

514 

698 

5 

0-3500 

595 

805 

6 

0-3960 

673 

910 

7 

0-4382 

745 

1,008 

8 

0-4800 

816 

1,104 

9 

0-5193 

883 

1,194 

10 

0-5510 

937 

1,267 
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Comparing  these  theoretical  requirements  with  the  amounts  of 
milk  actually  taken  by  the  infant  of  various  weights  and  ages,  we 
may  quote  the  following  table,  modified,  from  W.  Camerer : — 


Average  Daily  Amount  of  Milk  Taken  by  the  Infant. 

2nd  Wk. 
(Weight, 
3  kg.). 

4th  Wk. 
(Weight, 
4  kg. ). 

8th  Wk. 
(Weight, 
4-5  kg.). 

10th  Wk. 
(Weight, 
5  kg.). 

14th  Wk. 
(Weight, 
6  kg.). 

17  th  Wk. 
(Weight, 
6 '5  kg.). 

20th  Wk. 
(Weight, 

7  kg.). 

Grams 
of  milk 

500 

600 

800 

820 

850 

870 

900 

Similar  calculation  for  cow’s  milk  will  show  that  in  spite  of  its 
different  composition  it  has  approximately  the  same  calorific  value. 
As,  however,  it  contains  more  protein,  its  specific  dynamic  effect 
is  greater,  and,  therefore,  artificially  fed  infants  require  a  somewhat 
larger  quantity  of  milk  than  those  fed  on  the  breast. 

If  we  compare  the  amount  in  grams  of  the  various  food 
constituents  taken  per  kilo  body  weight  by  adults  and  infants,  we 
find  the  following  results  : — 


Protein. 

Fat. 

Carbohydrate. 

Minerals. 

Water. 

1  kg.,  adult 

1-4 

IT 

4-9 

0-4 

35 

1  kg.,  infants(10  weeks) 

T5 

5-6 

1T0 

0-3 

140 

The  Biological  Properties  of  Milk. — Under  this  heading  we  have 
to  consider  the  presence  of  three  groups  of  substances,  viz.,  (a) 
antibodies  ;  (b)  ferments  ;  (c)  vitamines. 

(a)  Antibodies. — Ehrlich  1  was  the  first  to'  show  that  antibodies 
in  the  mother’s  blood  are  transferred  to  the  child  by  means  of  the 
milk.  He  allowed  a  number  of  mice  to  become  pregnant  at  the 
same  time,  and  divided  them  into  two  groups,  A  and  B.  One 
group  of  animals  (A)  he  immunised  with  abrin  or  ricin,  and  the 
other  group  (B)  he  left  unimmunised.  When  the  mice  were 
delivered  he  allowed  the  young  of  group  A  to  be  nursed  by  the 
mothers  of  group  B,  and  vice  versa.  He  found  that  the  young  of 
the  immunised  mothers  soon  lost  their  immunity,  either  wholly  or 
partly,  whilst  those  of  the  normal  mothers  acquired  a  gradually 
increasing  immunity  against  abrin  or  ricin. 

These  results  have  been  confirmed  by  Hamburger  and  others. 

1  Zeitschr.  f  Hyg. ,  12,  1892,  183, 
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Similar  experiments  have  proved  the  transmissibility  of  the  anti¬ 
toxins  of  tetanus  and  diphtheria,  as  well  as  of  agglutinins,  opsonins, 
and  hsemolysins,1  from  mothers  to  offspring  in  the  process  of  suckling. 

That  breast-fed  infants  can  resist  infectious  diseases  better  than 
bottle  babies  is  a  well-known  fact.  Indeed,  some  authorities,  like 
Finkelstein,  Runge,  Salge,  Sevestre,  and  others,  recommend  that 
infants  be  not  taken  from  the  breast  in  cases  of  maternal  scarlet 
fever  or  measles,  because  of  the  transference  of  the  specific  immune 
bodies  through  the  milk. 

It  is  to  be  noted  that  such  transference  of  immunity  from  mother 
to  infant  proves  not  only  that  the  immune  bodies  are  present  in  the 
milk,  but  that  such  bodies  can  pass  unchanged  (/.<?.,  without  the 
destruction  of  their  immunising  properties)  through  the  mucous  mem¬ 
brane  of  the  alimentary  tract.  That  foreign  proteins  can  be  absorbed 
by  the  blood  from  the  gastro-intestinal  tract  in  the  early  days  of  life 
we  have  already  seen  to  be  a  fact.  (See  Chap.  XXXI.,  p.  488.) 

Colostrum  has  been  found  to  be  specially  rich  in  immune 
bodies.  Indeed,  it  sometimes  contains  more  antibodies  than  the 
maternal  blood.  Thus  Tunnicliff2  found  that  the  opsonic  index 
of  the  maternal  serum  for  streptococci  was  0‘8,  whilst  that  of 
the  colostrum  was  L8. 

V)  Ferments. — Various  ferments  have  been  found  in  milk. 
These  are  probably  derived  from  the  blood,  although  some  of 
those  found  in  cow’s  milk  may  be  of  bacterial  origin.  The  following 
table  is  given  by  Miss  Lane-Claypon  3 :  — 


Name  of  Ferment. 

Whether  Present 
in  Cow’s  Milk 
Apart  from 
Bacteria. 

Whether 
Present  in 
Plum  an 
Milk. 

1 

Whether  of 
Bacterial 
Origin. 

Acting  on  I  Proteolytic 

No 

No 

Yes 

substances  I  ferment 

contained  in  I  Lipase  - 

Probably  not 

Yes 

No 

the  milk  J  Lactase 

?  Trace 

No  data 

Yes,  if 

present 

Peroxidase 

Yes 

Inconstant 

No 

Reductase  (direct) 

No 

No 

Yes 

,,  (indirect)  - 

Yes 

No 

No 

Catalase  (liberating  oxygen 

Yes 

Yes 

In  great 

from  H202) 

part 

Amylase  - 

Yes 

Yes 

No 

Salolase  (converting  salol 

No 

Yes 

No  data 

into  phenol)  - 

1  See  W.  Bulloch,  Trans.  Pathol.  Soc . ,  53,  London,  1902,  p.  1S9. 

2  Quoted  by  Lane-Claypon,  “  Milk  and  its  Hygienic  Relations,”  London,  1916. 
“  Milk  and  its  Hygienic  Relations,”  London,  1916. 
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Tests  for  Fresh  and  Boiled  Milk. 

As  far  as  is  known  at  present  these  ferments  have  no  physio¬ 
logical  significance.  Their  properties  have,  however,  been  utilised 
as  tests  to  discover  whether  a  given  sample  of  milk  is  fresh  or 
boiled,  since  boiling  destroys  these  ferments.  Thus  peroxidase 
gives  a  grey-blue  colour  when  treated  with  paraphenylenediamine 
and  hydrogen  peroxide.  Hence  boiled  milk  would  give  a  negative 
reaction  unless  some  fresh  milk  has  been  added  to  it  after  boiling. 

(V)  For  Vitamines ,  see  p.  552. 

A  consideration  of  the  biological  properties  of  milk  will  show 
that  however  much  it  is  possible  to  alter  cow’s  milk  so  as  to  make 
it  resemble  human  milk,  in  percentage  composition  as  wrell  as  in 
digestibility,  it  cannot  quite  fulfil  the  same  functions  as  human  milk. 
As  John  Burns  pithily  remarked,  “The  only  way  to  humanise 
cow’s  milk  is  to  pass  it  through  the  mother.” 

Lactatio?i. — For  a  discussion  of  this,  see  Chap.  XIII.,  p.  187. 

The  Food  Requirements  of  Older  Children. 

(a)  Quantity . — This  has  been  determined  in  two  ways,  viz. : — 
(i.)  Analysis  of  the  dietaries  of  a  large  number  of  normal 
children. 

(ii.)  Metabolism  experiments. 

Atwater  gives  the  following  table  : — 


Age  in  Years. 

Percentage  of 
Adult  Dietary. 

Protein  in  Gm. 

Calories. 

1-2 

30 

37 

1,050 

2-5 

40 

50 

1,400 

6-9 

50 

62 

1,750 

10-13 

60 

75 

2,100 

14-16 

1 

80 

100 

2,800 

Schroder,  from  an  investigation  of  the  diet  of  children  in 
institutions  in  Germany,  gives  the  following  table  : — 


Age  in  Years. 

Protein. 

Fat. 

Carbohydrates. 

Calories. 

8-9 

60 

44 

150 

1,270 

12-13 

72 

47 

245 

1,736 

14-15 

79 

48 

270 

1,877 

Adults 

125 

100 

500 

3,492 
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The  following  table  gives  the  daily  dietaries  of  various  institu¬ 
tions  in  England.1 


Protein. 

Fat. 

Carbohydrates. 

Calories. 

Boys  of  R.N.  - 

107 

69 

406 

2,745 

Children  over  8  years  in 
schools  supported  by 
rates 

88 

66 

377 

2,515 

Boys  9-14  years  (Clement 
Dukes) 

123 

97 

430 

3,400 

Duke  of  York’s  Royal 
Military  School  (young 
men) 

157 

206 

472 

4,514 

The  quantity  of  food  naturally  varies  with  the  amount  of 
activity  of  the  child. 

Protein  Requirements. — Schlossmann  and  Sommerfeld2  accept 
Chittenden’s  teaching  with  regard  to  a  lower  protein  requirement 
by  adult,  and  apply  it  also  to  children.  They  maintain  that 
children  require  much  less  protein  than  we  are  accustomed  to 
consider  necessary.  They  argue  as  follows  : — A  nursing  infant  of 
say  4  kg.  body  weight  takes  8  gm.  of  protein  per  diem,  or  2  gm. 
per  kilo,  and  it  gains  25  gm.  or  more  a  day ;  why,  therefore, 
should  an  older  child  which  gains  less  demand  3  or  4  gm.  of 
protein  per  kilo  ?  They  consequently  believe  that  2  gm.  of  protein 
per  kilo  is  sufficient  for  any  normal  child,  and  that  this  amount 
should  be  decreased  as  the  child  gets  older.  This,  however, 
requires  confirmation. 

Chemical  Analysis  alone  is  not  a  Sufficient  Guide  Regarding  the 
Value  of  a  Food. — We  have  seen  above  that  not  all  proteins  yield 
on  digestion  those  amino  acids,  or  building  stones,  which  are 
required  for  the  purpose  of  growth.  Hence  it  is  not  sufficient  for 
the  child  to  receive  the  proper  percentage  of  protein,  but  the 
protein  must  be  such  as  will  contain  the  requisite  building  stones 
to  allow  the  body  to  grow  properly.  Moreover,  the  constituents 
must  be  given  in  such  a  form  as  are  palatable  and  easily  digestible, 
and  do  not  throw  excessive  strain  upon  the  digestive  organs. 

Vitamines,  or  Accessory  Food  Substances. — The  work  of 
Hopkins  and  others  has  shown  that  young  animals  will  not  grow 
upon  food  composed  of  pure  casein,  fats,  carbohydrates,  salts,  and 
water  in  the  same  proportions  as  are  contained  in  the  milk,  in  spite 
of  the  adequacy  of  the  diet  from  the  points  of  view  of  protein  and 

1  See  W.  S.  Pembrey  in  “  School  Hygiene,”  August  11)15. 

2  I’faundler  and  Schlossmann,  op.  cit.,  vol.  i.,  p.  438, 
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calorific  value,  and  notwithstanding  also  the  fact  that  the  protein 
contains  the  necessary  building  stones.  If,  however,  a  minute 
quantity  of  some  natural  food  such  as  fresh  milk  be  added  to  the 
diet,  the  growth  curve  at  once  begins  to  rise,  and  continues  in 
a  normal  manner  (see  Fig.  116).  Hence,  it  is  clear  that  fresh 
milk  as  well  as  the  natural  foods  contain  some  substance  or 
substances  which  stimulate  growth,  and  that  these  substances  are 
removed  when  the  food  is  preserved  or  purified.  These  substances 


Fig.  116. — Effect  of  Vitamines  (Hopkins). 

Lower  curve,  as  far  as  eighteenth  day  (dotted  line),  represents  the  average  weight 
of  eight  rats  fed  on  artificial  milk  alone.  Upper  curve,  eight  rats  fed  on  artificial 
milk +3  c.c.  of  cow’s  milk  daily.  After  the  eighteenth  day  cow's  milk  was  added 
to  the  diet  of  the  rats  in  the  lower  curve. 

are  called  vitamines  or  accessory  bodies.  The  nature  of  these  sub¬ 
stances  is  at  present  unknown,  but  since  very  minute  quantities  of 
these  vitamines  are  sufficient  to  re-establish  normal  growth,  they 
would  appear  to  be  of  the  nature  of  ferments ;  but  the  fact  that 
some  vitamines  (e.g.,  those  found  in  milk)  can  withstand  prolonged 
heating  to  1 20°  C.,  proves  that  they  are  not  ferments.  The  vitamines 
probably  stimulate  the  thyroid,  pituitary,  and  other  endocrine  organs, 
the  secretions  of  which  influence  growth.  It  is  most  probable  that 
such  diseases- as  rickets  and  scurvy  are  also  due  to  the  lack  in  the 
food  of  some  vitamines  which  are  present  in  fresh  milk,  fruit  juice 
(such  as  lemon,  orange,  or  grape  juice),  and  fresh  meat  juice, 
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Butter  contains  vitamines,  although  margarine  is  said  to  lack  them. 
Hence  margarine  is  not  an  ideal  fat  for  children,  although  when 
taken  with  fresh  food  it  is  not  injurious.  Cod-liver  oil  is  said  to 
contain  a  good  deal  of  vitamines. 

From  what  we  have  said  it  will  be  clear  that  the  proper  diet 
for  growing  children  must  answer  the  following  tests  : — 

1.  It  must  be  of  suitable  calorific  value. 

2.  It  must  contain  the  various  proximate  principles  in  the 
requisite  properties. 

3.  The  protein  must  contain  the  necessary  building  stones,  or 
amino  acids. 

4.  It  must  contain  vitamines. 

5.  It  must  be  easily  digestible. 


CHAPTER  XXXV 


THE  NERVOUS  SYSTEM 

“  Who  can  tell  what  a  baby  thinks, 

Who  can  follow  the  gossamer  links 
By  which  the  mannikin  feels  his  way 
Out  from  the  shore  of  the  great  unknown, 

Blind,  and  wailing,  and  alone 
Into  the  light  of  day?” 

J.  G.  Holland  (“A  Baby’s  Thoughts”). 

SECTION  I 
Physiological  Anatomy 

The  Infant’s  Skull. 

Several  investigators  have  studied  the  growth  of  the  infant’s 
skull  during  the  first  three  months  of  life.  According  to  Bonifay,1 
the  circumference  of  the  head  is  34  cm.  at  birth,  45  cm.  between 
one  and  two  years,  50  cm.  between  six  and  seven  years,  and  52  cm. 
between  eleven  and  twelve  years. 

According  to  Camerer,  infants  of  intellectual  parents  have  a 
larger  head  circumference  than  have  other  infants.  The  same  has 
been  found  to  be  the  case  with  adults.  Daffner  states  that  the 
average  circumference  of  ordinary  soldiers  was  1  cm.  less  than 
that  of  cadets  of  the  same  age.  At  the  period  of  puberty  there  is 
an  accelerated  growth  of  the  circumference  of  the  head.  Bondyreff 
and  Nikiforoff2  took  various  measurements  of  the  head  in  children 
from  birth  up  to  the  age  of  fifteen  years,  and  have  found  the 
following  results  : — • 

1.  The  most  energetic  growth  takes  place  during  the  first  year. 

2.  At  two  years  the  growth  is  considerable,  but  after  that  age 
it  becomes  distinctly  retarded. 

3.  At  puberty  there  is  again  an  increased  growth. 

The  Brain. 

Weight. — We  have  already  studied  the  weight  of  the  brain  in 
pre-natal  life  (see  Chap.  XVI.).  Wolipin’s  measurements  of  the 

1  Dissert.,  Lyons,  1897. 

2  Quoted  by  Gundobin. 
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weight  of  the  various  parts  of  the  brain  at  different  ages  show 
that : — 

1.  Doubling  of  the  weight  of  the  brain  takes  place  at  about 
eight  months  (J.e.,  it  increases  from  389  to  768  gm.). 

2.  At  the  age  of  one-quarter  year  the  weight  of  the  brain 
becomes  two  and  a  half  times  its  birth  weight  (925  gm.). 

3.  During  the  third  year  the  brain  assumes  a  weight  equal  to 
three  times  its  birth  weight  (1,170  gm.). 

4.  At  puberty  the  female  brain  quadruples  its  birth  weight 
(birth  weight  354*5,  at  15=  1,426  gm.),  whilst  the  brain  of  the  male 
increases  three  and  a  half  fold  (/.<?.,  from  389  to  1,460  gm.). 

The  Weight  of  the  Brain  in  Relation  to  the  Weight  of  the  Body. — 
Gundobin  gives  the  following  table  : — - 


Age. 

Boys  : 

Weight  of  Brain. 
Weight  of  Body. 

Girls  : 

Weight  of  Brain. 
Weight  of  Body. 

Birth  - 
3  years  - 

16  „  -  -  - 

1  :  7-14 

1  :  10-7 

1  :  17-7 

1  :  7T9 

1  :  10-0 

1  :  19-8 

These  ratios  show  that  the  brain  is  relatively  large  at  birth,  and 
that  growth  of  the  brain  is  energetic  during  the  first  three  years. 

The  Cerebellum. — In  the  adult  the  cerebellum  forms  9-16  per 
cent,  of  the  total  weight  of  the  brain.  At  birth  the  cerebellum 
weighs  only  6  per  cent,  of  the  total  brain  weight,  but  during  the 
first  month  it  grows  rapidly  and  becomes  about  10  per  cent,  of 
the  total  brain  weight.  The  cerebellum  increases  to  seven  times 
its  birth  weight  when  it  reaches  the  adult  stage.  So  that  the 
cerebellum  is  the  part  of  the  brain  whose  post-natal  growth  is  most 
energetic. 

The  Stem  (/.<?.,  pons,  medulla,  and  corpora  quadrigemina) 
weighs  5*5  gm.  at  birth,  and  quintuples  its  weight  at  the  completion 
of  growth,  when  it  becomes  27-28  gm.  in  weight. 

The  Cerebral  Lobes. — The  measurement  of  the  various  lobes 
has  been  carried  out  by  covering  them  with  square  pieces  of  paper 
of  known  size.  In  this  way  it  has  been  found  that  the  right 
hemisphere  in  boys  measures  16,638  sq.  mm.  at  birth,  the  left 
13,764  sq.  mm.  In  girls  the  corresponding  measurements  are 
9,774  and  9,942  sq.  mm.  The  surface  of  the  hemispheres  doubles 
itself  at  seven  months  in  girls  and  at  nine  months  in  boys.  The 
largest  surface  area  is  assumed  at  the  age  of  ten  years,  when  the 
right  hemisphere  becomes  33,252  sq.  mm.  in  area  in  boys  and 
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29,898  sq.  mm.  in  girls  :  and  the  left  hemisphere  becomes  35,070 
sq.  mm.  in  boys  and  30,186  sq.  mm.  in  girls. 

As  regards  the  relative  measurements  of  the  various  lobes  it 
has  been  found  that  the  frontal  lobes  are,  at  all  ages,  40-45  per 
cent.,  the  parietal  19-29  per  cent.,  and  the  temporal  14-22  per  cent, 
of  the  total  cerebral  surface.  But  whilst  the  frontal  lobes  are  those 
best  developed  in  boys,  the  occipital  are  best  developed  in  girls. 
The  same  applies  to  adults. 

The  rapid  growth  of  the  infant’s  brain  is  the  result  of  the 
greater  metabolism  and  better  cerebral  blood  supply.  For  the 
same  reasons  infants’  brains  are  less  able  to  withstand  poisons 
circulating  through  the  body,  and  hence  are  particularly  susceptible  to 
the  effects  of  narcotics  such  as  opium,  which  have  to  be  administered 
to  children  with  the  greatest  caution. 

The  Cerebral  Sulci  and  Convolutions. — The  foetal  character  of 
the  sulci  is  maintained  till  the  child  is  one  month  old.  If  one 
compares  the  brain  of  a  child  in  the  first  few  weeks  with  that  of 
an  adult,  one  sees  that  the  difference  between  them  consists  in  an 
imperfect  development  of  the  sulci  and  convolutions  of  the  child 
under  six  months  of  age. 

The  frontal  lobe  is  quite  inconspicuous  at  birth.  The  island 
of  Reil  is  not  yet  distinctly  demarcated  during  the  first  few  months. 

The  specific  gravity  of  the  brain  at  birth  is  1*02-1  03.  In  the 
adult  it  is  1*026-1*039.  The  lower  specific  gravity  at  birth  is  due 
to  the  higher  water  contents. 

The  Spinal  Cord  (see  p.  221  et  se</i). — Its  weight  at  birth  is 
about  3  gm.,  whilst  its  adult  weight  is  27-28  gm.  The  weight 
doubles  itself  at  the  fifth  month,  trebles  itself  at  the  end  of  the 
first  year,  and  becomes  quadrupled  at  the  beginning  of  the  third 
year. 

The  length  of  the  cord  is  14  cm.  at  birth  and  24  cm.  at  five 
years,  and  43-45  cm.  in  the  adult.  In  relation  to  the  body  length 
the  spinal  cord  is,  at  birth,  29*5  per  cent.,  and  only  25  per  cent, 
in  the  adult. 

Histology  of  the  Central  Nervous  System  at  Birth. — This  has 
already  been  considered  in  Chap.  XVI.  Here  it  is  only  necessary 
to  say  again  that  whilst  in  the  spinal  cord  at  birth  all  the  tracts, 
with  the  exception  of  the  pyramidal  tracts,  possess  their  myelin 
sheaths,  the  brain,  on  the  other  hand,  is  practically  devoid  of  them. 
Hence  the  truth  of  the  remark  that  the  infant  is  practically  a  spinal 
animal. 

The  Chemistry  of  the  Child’s  Brain. — In  addition  to  what  has 
already  been  stated  in  Chap.  XVI.,  p.  219,  we  have  to  say  that 
both  the  amounts  of  protein  and  of  lecithin  increase  from  birth 
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onwards.  As  regards  lecithin,  Sivertzeff1  gives  the  following 
table : — 


Percentage  of  Lecithin  in  the  Brain 


Age. 

Lecithin. 

Age. 

Lecithin. 

Foetus  (6  months) 

9-39 

3  months  - 

-  14-85 

,,  8  „ 

11-95 

4  „ 

16-40 

,,  9 

12-86 

6  „ 

17-67 

„  10 

16-21 

10  „  - 

-  21-59 

At  birth  (1  month)  - 

15-66 

2  years 

-  22-78 

2  months  - 

15-95 

31 

°2  ” 

-  23-15 

From  what  we  have  said  it  will  be  seen  that  the  central  nervous 
system  of  the  young  infant  is  an  incompletely  developed  organ. 
The  process  of  myelination  does  not  take  place  at  equal  rates 
in  different  parts  of  the  nervous  system,  but  occurs  in  such  a 
way  that  those  parts  which  are  of  immediate  importance  to 
the  infant,  viz.,  those  which  preside  over  the  function  of  the 
circulation  and  respiration  as  well  as  of  nutrition,  are  developed 
first.  Thus  Monakov  has  shown  that  the  sympathetic  nervous 
system  becomes  developed  first,  then  comes  the  nervous  apparatus 
for  the  primary  afferent  impressions  (spinal  and  intracranial 
ganglia),  and  contemporaneously  with  these  develop  those  centres 
and  paths  which  have  to  do  with  reflex  movements,  such  as  kicking, 
and  later  still  the  parts  which  have  to  do  with  automatic  move¬ 
ments,  such  as  sucking.  The  development  of  the  centres  for  the 
sense  organs  as  well  as  for  the  complicated  motor  mechanism,  such 
as  equipoise  of  the  body,  follows  later,  and  lastly  come  the  centres 
for  expression.  With  the  development  of  these  nervous  apparatus 
the  central  nervous  system  increases  in  weight. 

SECTION  II 

Physiology  of  the  Child’s  Brain 
(a)  The  Cerebrum. 

The  Excitability  of  the  Cerebral  Cortex. — We  have  seen  that 
Soltmann  and  others  have  found  that  during  the  first  week 
electrical  stimulation  of  the  brain  in  animals  produces  no  muscular 
response.  The  results  of  these  experiments  cannot,  however,  be 
legitimately  applied  to  infants,  since  it  is  a  well-established  clinical 
fact  that  convulsions  of  cerebral  origin  (eg,  subdural  haematoma) 

1  Dissert.,  St  Petersburg,  1903,  quoted  by  Peritz,  “Die  Nervenkrankheiten  des 
Kinder,”  Berlin,  1912.  * 
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occur  in  infants  even  in  the  earliest  days  of  life.  Such  convulsions 
resemble  in  every  respect  the  convulsions  of  older  children. 
Hence  we  must  conclude  that  the  cerebral  cortex  in  infants  is 
excitable  from  birth.  Nevertheless,  it  is  probable  that  the  motor 
centres  are  not  perfectly  developed  at  birth,  and  the  existence  of 
convulsions  of  cerebral  origin  in  early  days  of  life  is  probably  due 
to  defective  development  of  the  inhibitory  centres. 

The  Activity  of  the  Child’s  Brain. 

In  1889  Francis  Warner1  applied  the  graphical  method  to  the 
study  of  movement  in  infants  from  birth  onwards  from  the  point  of 
view  of  cerebral  activity.  He  called  the  spontaneous  movements 
of  the  limbs,  especially  of  the  digits,  movements  of  microkinesis. 
They  are  almost  constant  and  quite  irregular.  They  cease  during 
sleep.  Movements  in  the  face  appear  at  one  month.  At  three 
months  control  of  movement  through  the  senses  is  observable ; 
the  head,  for  instance,  moves  towards  a  bright  light.  At  four 
months  signs  of  inhibition  are  noticeable.  Warner  gives  a  tracing, 
showing  that  the  microkinetic  movements  were  inhibited  both  by 
light  and  sound.  At  three  years  the  microkinetic  movements, 
which  are  still  present,  are  much  more  under  control  through  the 
senses.  At  ten  years  there  are  practically  no  microkinetic  move¬ 
ments. 

The  Fundamental  Mechanisms  of  the  Action  of  the  Child’s  Brain. 

The  mechanism  of  cerebral  activity  of  children  has  been 
studied  by  Krasnogorski.2  In  order  to  be  able  to  follow  intelli¬ 
gently  his  method  of  study  and  his  conclusions,  it  is  necessary  to 
explain  in  some  detail  what  is  meant  by  a  conditioned  reflex ,  a  trace 
or  interval  reflex ,  and  a  few  other  terms  which  are  not  usually 
dealt  with  in  physiological  text-books. 

Conditioned  Reflex. — This  is  a  reflex  act  first  described  by 
Pavlov  in  1907,  and  since  then  studied  practically  exclusively  by 
Russian  investigators.  The  meaning  of  this  term  will  be  best 
understood  from  an  example.  We  know  that  when  food  is  pre¬ 
sented  to  an  animal  like  a  dog,  reflex  secretion  of  saliva  will  occur. 
Suppose  that  this  exhibition  of  food  is  made  to  synchronise  re¬ 
peatedly  with  the  sounding  of  a  tuning  fork  of  a  certain  frequency, 
then,  after  a  time,  an  association  will  be  established  in  the 
animal’s  brain  between  the  sounding  of  the  tuning  fork  and  the 

1  Journ.  Mental  Science ,  35,  1889. 

2  Jahrb.  f.  Kinderheilk,  69,  1907,  and  address  delivered  before  the  17th 
International  Congress  of  Medicine  in  London,  1913;  reprinted  in  Jahrb. f.  Kinder- 
heilk ,  78,  1913,  pp.  373-398. 
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reception  of  food,  so  that  when  a  tuning  fork  of  the  same  frequency 
is  vibrating  again  the  dog  will  at  once  begin  to  secrete  saliva,  even 
when  no  food  is  presented  at  the  time.  Such  reflex  salivary  secre¬ 
tion  evoked  by  the  sounding  of  the  tuning  fork ,  which  obviously  results 
from  the  establishment  of  a  connection  between  the  reflex  arc  concerned 
with  secretion  of  saliva  and  the  additional  afferent  neurone  carrying 
the  auditory  stimulus ,  has  been  called  by  Pavlov  a  conditioned  reflex. 
It  is  ‘‘conditioned”  because,  while,  in  the  case  of  ordinary  or 
“  unconditioned  ”  reflexes,  the  same  stimulus  will  always  evoke 
the  same  result,  in  the  case  of  a  “conditioned”  reflex  the  result 
will  only  occur  so  long  as  the  association  between  the  reflex  arc 
and  the  additional  afferent  neurone  is  maintained.  Should  the 
association  or  connection  be  severed  either  temporarily  by  such 
external  phenomena  as  diverting  the  animal’s  attention  (  = 
external  inhibition ),  or  permanently  by  sounding  the  tuning  fork  a 
number  of  times  without  giving  the  animal  food  (  =  internal 
inhibition ),  the  secretion  of  saliva  will  not  occur.  The  reflex  is 
therefore  conditioned  by  the  integrity  of  the  association  of  the 
additional  neurone  with  the  original  reflex  arc. 

The  term  “conditioned”  is  not  altogether  a  happy  one,  since  even  the 
ordinary  so-called  “unconditioned”  reflexes  are  to  a  certain  extent  conditioned, 
inasmuch  as  they  become  exaggerated  when  the  inhibitory  control  from  the 
higher  centres  becomes  suspended  or  abolished.  It  would,  therefore,  be  better, 
in  the  author’s  opinion,  to  call  Pavlov’s  reflexes  associated  instead  of  conditioned 
reflexes. 

The  Mechanism  of  Conditioned  or  Associated  Reflexes. 

The  execution  of  such  reflexes  involves  the  following  two 
mechanisms  : — 

1.  The  Mechanism  of  Temporary  Association  between  the  original 
reflex  arc  and  the  new  afferent  neuron,  an  association  which,  as 
we  have  seen,  may  be  suspended  or  extinguished  by  external  or 
internal  inhibition. 

2.  The  Mechanism  of  Analysis . — If  the  conditioned  or  associ¬ 
ated  stimulus  be  a  tuning  fork  of  some  definite  frequency,  say 
100  vibrations  per  second,  then  a  tuning  fork  which  vibrates 
96  or  104  times  per  second  will  fail  to  produce  the  reflex.  Such 
fine  discrimination  is  performed  by  special  peripheral  as  well  as 
cortical  sense  organs,  which  Pavlov  has  termed  analysers. 

In  the  example  given  we  have  chosen  sound  as  the  con¬ 
ditioned  or  associated  stimulus.  An  association  can,  however, 
be  established  between  salivary  secretion  and  any  other  external 
stimulus  for  which  the  animal  in  question  possesses  appropriate 
receptors,  e.g touch,  smell,  sight,  etc.  Indeed,  Krasnogorski 1 


1  fahrb.  f.  Kinder heilk ,  78,  1913,  p.  63. 
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utilised  the  delicate  sense  of  smell  in  the  dog  as  the  associated 
stimulus  for  the  purpose  of  testing  the  truth  of  the  widespread 
belief  that  certain  diseases,  like  the  infectious  fevers,  acute  rheu¬ 
matism,  etc.,  emit  certain  specific  odours.  He  established  an 
associated  salivary  secretion  reflex  in  a  dog  by  using  a  child 
suffering  from  scarlet  fever  as  the  associated  stimulus.  He 
then  passed  other  cases  of  scarlet  fever  in  front  of  it,  but  failed 
to  evoke  secretion,  indicating  that  scarlet  fever  has  no  specific 
odour. 

Trace  or  Interval  Reflex.  —  Suppose  the  conditions  of  the 
experiment  to  be  slightly  altered  ;  that,  instead  of  accompanying 
the  sounding  of  the  tuning  fork  at  once  by  the  exhibition  of  food, 
a  certain  interval — say  two  minutes — is  allowed  to  elapse  between 
the  production  of  the  sound  and  the  presentation  of  the  food. 
It  is  found  that,  after  several  repetitions,  a  conditioned  or 
associated  reflex  is  established,  in  which  the  sound  of  the  tuning 
fork  will  not  produce  salivation  at  once,  but  the  traces  thereof  will 
evoke  secretion  after  two  minutes.  Such  an  associated  reflex  is 
called  a  trace  or  ijiterval  reflex. 


The  Mechanism  of  Interval  Reflexes. 

In  addition  to  the  two  mechanisms  of  (1)  Temporary  Association 
and  (2)  Analysis  which  are  common  to  all  associated  reflexes, 
there  are  still  two  other  mechanisms  concerned  in  the  production 
of  a  trace  or  interval  reflex,  viz.,  (3)  Inhibition  of  the  secretion 
until  the  definite  interval  has  elapsed,  and  (4)  abolition  of 
the  inhibition  or  Contra-inhibition  at  the  expiration  of  the 
interval. 

The  Secondary  Associated  Reflex. — This  is  a  reflex  which 
Krasnogorski  described  in  children.  The  following  is  an  example  : 
A  child,  five  years  old,  in  whom  an  associated  mouth-opening 
reflex  was  developed  by  means  of  a  loud  bell,  had,  in  the  course 
of  a  few  days,  applied  to  it  several  repeated  cutaneous  stimuli 
without  the  simultaneous  accompaniment  of  food  (chocolate). 
Then  after  several  repetitions  of  these  cutaneous  stimuli  the 
sounding  of  the  bell  was  interposed  between  certain  individual 
cutaneous  stimuli,  but  instead  of  giving  the  child  chocolate  at  the 
time  of  sounding  the  bell,  the  chocolate  was  given  it  during  the 
first  cutaneous  stimulation  following  the  bell.  The  subsequent 
cutaneous  stimuli  again  remained  unaccompanied  by  chocolate. 
In  this  way  a  secondary  association  was  established  between  the 
first  cutaneous  stimulation  following  the  ringing  of  the  bell  and 
the  presentation  of  chocolate,  so  that  even  when  no  chocolate  was 
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given  the  reflex  opening  of  the  mouth  occurred.  Such  a  reflex 
may  be  called  a  secondary  associated  reflex . 

The  Mechanism  of  Secondary  Associated  Reflexes. 

In  addition  to  the  four  mechanisms  described  in  the  other 
reflexes,  there  are  two  other  mechanisms  concerned  in  the  pro¬ 
duction  of  secondary  associated  reflexes,  viz.  : — 

(5)  The  Mechanism  of  Charge  or  Loading. — The  sounding  of 
the  bell  has  developed  a  certain  localised  stimulus  in  the  auditory 
analyser  of  the  child’s  brain,  but  the  whole  nervous  energy  of  this 
stimulus  remains  latent  in  the  analyser  in  the  form  of  a  nervous 
charge.  (Compare  the  loading  of  a  pistol.) 

(6)  The  Mechanism  of  Discharge  or  Unloading. — The  cutaneous 
stimulus  first  following  the  ringing  of  the  bell  acts  as  the  trigger, 
which  discharges  the  “loaded  pistol,”  and  calls  forth  the  mouth¬ 
opening  act. 

Application  of  the  Method  of  Associated  Reflexes,  etc.,  to  the 
Study  of  the  Mechanism  of  Working  of  the  Brain  in 
Children. 

Krasnogorski,  who  is  the  only  one  who  has,  so  far,  studied  these 
reflexes  in  children,  came  to  the  following  conclusions  : — 

L  The  mechanism  of  temporary  association  is  not  developed 
in  children  till  the  second  half  of  the  first  year,  and  is  not  function¬ 
ally  complete  till  the  second  year.  It  is  more  rapidly  formed  but 
also  more  rapidly  extinguished  in  children  than  in  dogs.  In  the 
case  of  idiocy,  imbecility,  or  disturbance  of  nutrition  this 
mechanism  is  feebly  developed,  so  that  a  conditioned  reflex  is  not 
so  easily  established,  and  is  abolished  with  difficulty  ;  in  the  same 
way  as  in  an  imperfect  telephone,  both  connection  and  disconnec¬ 
tion  are  difficult  to  establish. 

2.  The  analysis  of  external  stimuli  by  means  of  the  analysers 
is  differently  developed  in  children  and  animals.  The  auditory 
and  olfactory  analysers  are  better  developed  in  dogs,  whilst  those 
of  sight  and  touch  are  more  perfect  in  infants.  Thus,  whilst  a 
dog  is  able  to  differentiate  a  sound  interval  of  one-eighth,  a  child 
is  unable  to  distinguish  a  whole  tone.  On  the  other  hand,  an 
infant  even  five  or  six  months  old  can  easily  differentiate  form 
and  movement,  as  well  as  different  colours,  which  a  dog  can  only 
do  with  great  difficulty.  All  the  various  peripheral  stimuli,  can  be 
analysed  by  children  during  the  first  year  of  life,  but  this  power 
of  analysis  is  greatly  diminished  in  imbecile^,  neuropathic  children, 
rickets,  etc. 
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Hence  in  the  conditioned  or  associated  reflexes  ( which  afford  the 
only  objective  method  of  testing  the  powers  of  association  and  of 
analysis  in  children — especially  those  yet  unable  to  talk )  we  possess 
an  extraordinarily  sensitive  and  refined  means  of  detecting  defects  in 
the  cortical  or  peripheral  nerve  apparatus ,  even  in  infants  a  few 
months  old ,  in  the  same  way  as  ordinary  reflexes  give  us  information 
regarding  the  spinal  cord  and  lower  neurones. 

Ivrasnogorski  gives  the  following  example  : — 

Supposing  there  is  some  impairment  of  sensation  in  a  young 
infant  in  some  part  of  the  skin,  and  it  is  desired  to  ascertain  its 
locality,  we  proceed  as  follows  :  An  associated  reflex  is  established, 
in  which  a  definite  cutaneous  stimulus  such  as  touch,  warmth,  or 
cold  is  the  conditioned  or  associated  stimulus,  and  the  various 
regions  of  the  skin  are  afterwards  stimulated  in  the  same  manner. 
It  is  clear  that  no  reflex  will  be  evoked  in  stimulating  the  affected 
skin  area.  In  this  way  it  is  possible  to  diagnose,  even  in  very  young 
infants,  not  only  anesthetic,  analgesic,  and  thermo-anesthetic  skin 
areas,  but  also  defects  in  muscle  sense,  stereognostic  sense,  as 
well  as,  of  course,  ocular,  auditory,  olfactory,  and  gustatory 
defects. 

3.  The  mechanism  of  trace  reflexes  is  much  more  complete 
in  children  than  in  animals,  but  does  not  develop  till  the  second 
year  of  life.  In  neuropathic  and  imbecile  children  the  specificity 
of  this  reflex  is  diminished  or  abolished,  so  that  if  the  reflex  is 
established  with  a  metronome  as  the  conditioned  stimulus,  the 
reaction  will  also  occur  in  such  children  on  striking  a  hammer. 

4.  The  mechanism  of  inhibition  is  better  developed  in 
children  than  in  animals — a  fact  which  emphasises  the  import¬ 
ance  of  moral  training  in  early  childhood.  This  mechanism  is 
very  imperfect  in  idiocy,  imbecility,  or  other  neuropathic  con¬ 
ditions. 

5.  The  mechanism  of  charge  and  discharge  is  the  most  compli¬ 
cated  of  all,  is  not  developed  in  children  until  the  third  year,  and 
is  the  most  easily  disturbed  in  neuropathic  conditions.  In  such 
conditions  the  disturbance  of  this  mechanism  may  take  one  or 
other  of  the  following  forms  : — 

(i.)  In  neuropathic  children  of  the  over-excitable  type  the 
mechanism  of  charge  is  easily  formed,  but  is  as 
easily  destroyed.  Such  children,  learn  easily  and 
forget  easily. 

(ii.)  In  neuropathic  children  of  the  inert  cortical  type  the 
mechanism  of  charge  is  formed  with  great  difficulty. 
In  this  group  there  are  two  types,  viz.  : — 


1  Amer.  fourn.  Psych.,  21,  1900. 
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(a)  One  in  which  the  mechanism,  when  established,  is  very 
unstable  and  easily  extinguished  (imbeciles).  Such  children  it 
is,  of  course,  extraordinarily  difficult  to  train. 

(h)  Another,  in  which  the  mechanism  of  charge  is  retained 
with  great  obstinacy,  but  that  of  discharge  is  easily  disturbed. 

Partridge1  tested  the  influence  of  voluntary  inhibition  in 
children  by  means  of  an  apparatus  in  which  a  hammer  threatened 
to  strike  the  eye,  which  was,  however,  protected  by  a  glass.  He 
found  that  the  reflex  wink  of  the  eye  was  successfully  inhibited  at 
an  earlier  age  by  boys  than  by  girls. 

The  lack  of  proper  inhibitory  control,  which  is  a  marked 
characteristic  of  childhood,  is  due  to  incomplete  development  of  the 
inhibitory  centres.  It  is  seen  in  the  greater  susceptibility  of  children 
to  stimuli,  their  greater  fear  of  new  faces  or  sounds,  their  desire  for 
everything  they  see,  and  their  crying  when  their  slightest  wish  is 
not  fulfilled.  Similarly,  in  spite  of  the  great  somnolence  of  very 
young  infants,  they  stir  when  somebody  comes  near  their  cot,  or  on 
the  sounding  of  a  loud  noise.  The  frequency  and  irregularity  of 
the  young  child’s  pulse  and  respiration  are  due  to  the  same  lack  of 
inhibitory  control. 

It  is  in  virtue  of  this  lack  of  inhibitory  control  that  young 
children  are  particularly  prone  to  imitation.  This  is  a  matter  of 
practical  importance  from  the  point  of  view  of  training  of  children 
and  the  formation  of  habits.  It  is  well  known  how  easily  functional 
nervous  diseases,  such  as  stammering,  habit  spasms,  chorea,  etc., 
spread  in  schools.  Incontinence  of  urine  and  faeces  can  be  prevented 
in  young  infants  by  proper  training,  and  the  moral  training  of  older 
children  depends  upon  the  development  of  inhibitory  control. 

Discrimination  of  Weights . — This  kinsesthetic  sensation  was 
studied  by  Gilbert,1  who  found  that  the  accuracy  of  judgment 
increased  with  age,  and  reached  a  maximum  at  the  age  of  thirteen 
in  girls  and  fourteen  in  boys. 

(b)  The  Cerebellum. 

Determination  of  Muscular  Control. — This  has  been  studied  by 
Hancock.2  He  attached  a  pen  to  the  head  of  a  child  standing 
upright.  The  pen  recorded  on  a  frictionless  horizontal  board  above 
the  involuntary  swaying  of  the  body.  He  found  these  movements 
considerably  greater  in  children  than  in  adults,  although,  between 
the  ages  of  five  and  seven  years,  there  was  a  marked  increase  in 
steadiness.  He  called  this  instrument  an  ataxiagraph.  The 
steadiness  of  the  hand  was  studied  by  means  of  an  automatograph , 
which  consists  of  two  glass  plates,  easily  movable  one  upon  the 

1  Quoted  by  Stanley  Hall,  op.  cit. 

2  “  A  Study  of  Motor  Ability,”  Ped.  Sem .,  iii.,  1894. 
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other,  by  means  of  marbles  placed  between  them.  A  writer 
attached  to  the  top  plate  records  the  amount  of  movement  it 
undergoes  when  a  hand  is  placed  upon  it.  In  this  way  it  was 
found  that  young  children  cannot  hold  their  hands  still,  but  that 
a  marked  gain  in  steadiness  occurs  between  five  and  seven  years 
of  age. 

Hancock  also  investigated  the  steadiness  of  the  different  fingers 
by  means  of  the  tremograph ,  which  consists  of  a  thimble  attached 
to  a  pivoted  lever  moving  freely  in  all  directions.  He  found  that 
children  under  five  could  not  keep  their  index-fingers  still  for 
thirty  seconds.  Here,  again,  after  the  age  of  five,  a  marked 
increase  in  steadiness  manifested  itself.  The  following  are  Hancock’s 
conclusions  : — 

1.  Young  children  can  make  fine  and  completed  movements 
with  difficulty. 

2.  Efforts  to  keep  quiet  produce  strong  symptoms  of  nervous 
irritation. 

3.  Movement  is  inhibited  only  in  part,  and  awkward  swaying 
and  twitching  result. 

4.  Children,  in  normal  healthy  growth,  show  a  lack  of  co¬ 
ordination  and  control  paralleled  only  by  ataxic,  choreic,  and 
paralytic  patients. 

5.  Girls  are  steadier  than  boys  before  puberty. 

6.  The  left  hand  is  less  steady  than  the  right,  and  the  ring 
fingers  less  steady  than  the  others.1 


SECTION  III 

Physiology  of  the  Nerves  and  Spinal  Cord 

The  Excitability  of  the  Motor  and  Sensory  Nerves  in  Childhood. 

— Westphal2  examined  twenty-nine  children  between  the  ages  of  one 
hour  and  eight  years.  He  found  that  young  infants  under  three 
weeks  old  could  comfortably  stand  electric  currents  of  such 
intensity  as  would  not  be  tolerated  by  adults.  The  following  is 
a  specimen  of  his  results  (in  the  case  of  the  ulnar  nerve) : — ■ 

1  See  Stanley  Hall,  “Adolescence,”  vol.  i.,  p.  145. 

2  Arch.  Psychiat.,  ‘26,  1894. 
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Age. 

Farad  ic 

Distance  Between 
Coils  in  Mm. 

Galvanic,  in 
Milliamperes. 

1  hour 

85 

2-2 

4  hours 

95 

1-5 

100 

1*9 

1  day 

85 

•  .  • 

2  days 

75 

2-2-4 

3  „ 

65  (?) 

6 

4  „  -  -  - 

80 

5 

5  „  -  -  - 

80 

6 

6  „  ... 

75 

8(?) 

7  „  -  -  - 

70  90 

2-2-5-S 

13  „ 

90-95 

1-2-L6 

3  weeks  - 

95-105 

1-1-2 

5  „  -  - 

100 

1 

3  months  - 

120 

0-75 

4  „ 

100-120 

0-3-0-75 

7  „ 

145  (?) 

0-8 

ii  „ 

120 

0-25-0-8 

2  years 

130 

1*2 

8  „ 

111 

0-6 

30  „  -  - 

123 

0-5 

The  subject  has  been  re-investigated  by  Bakitjko  and  Gundobin, 
whose  results  agree  in  the  main  with  those  of  Westphal.  They 
show  that  the  diminished  excitability  at  birth  gradually  increases 
with  age,  and  that  after  the  sixth  week  it  becomes  practically  equal 
to  that  of  the  adult.  The  increased  excitability  of  the  nerves  runs 
parallel  with  that  of  the  muscles.  (See  Chap.  XXV.) 

The  Reaction  Time. — By  this  is  meant  the  time  taken  by  the 
higher  centres  to  transform  an  afferent  into  efferent  impulse. 
Herzen  1  gives  the  following  table 


Age. 

Boys. 

Girls. 

.  5-10  -  -  j 

10-15  -  -  ( 

\ 

After  15  -  1 

Foot,  0-548 
Hand,  0-538 
Foot,  0-343 
Hand,  0*336 
Foot,  0-318 
Hand,  0"283 

Foot,  0-535 
Hand,  0  525 
Foot,  0-400 
Hand,  0-350 
Foot,  0-400 
Hand,  0-365 

1  “  Le  Cerveau,”  Paris,  1887. 


THE  NERVOUS  SYSTEM 


567 


This  shows  that  before  ten  years  of  age  the  reaction  time  is 
shorter  in  girls,  but  that  after  the  age  of  ten  it  is  shorter  in  boys. 
The  diagram  (Fig.  117)  shows  how  reaction  time  is  measured. 

Practical  Importance  of  the  Knowledge  of  the  Electrical  Excita¬ 
bility  of  Nerves. 

In  1878  Erb  established  an  increased  nerve  excitability  both  to 
the  Faradic  and  galvanic  currents  in  the  case  of  adults  suffering 
from  tetany.  The  same  phenomenon  was  first  noticed  by  Stewart 
in  1889  in  the  case  of  children  similarly  affected.  Since  then  the 


Fig.  1 17. — Arrangement  of  Apparatus  for  determination  of 
Reaction  Time.  (Starling’s  “  Physiology.  ’) 

The  electrodes  E  are  applied  to  the  skin  with  the  key  A  closed.  The  observer  closes 
the  key  B,  thus  completing  the  primary  circuit.  The  signal  S  then  moves.  As 
soon  as  the  subject  of  the  experiment  feels  the  shock  he  opens  A,  thus  breaking 
the  current  and  bringing  S  to  rest.  The  interval  between  the  two  movements  of 
S,  as  measured  by  T,  is  the  reaction  time. 

subject  has  been  studied  and  confirmed  in  the  case  of  the 
spasmophile  diathesis  in  general  by  Burkhard,  Kalischer,  Escherich, 
Ganghofner,  Hausner,  Mann,  Thiemich,  and  others.  Elence  it  is 
important  to  know  the  degree  of  electrical  nerve  excitability  in  the 
normal  child  in  order  to  be  able  to  tell  what  degree  of  excitability 
is  abnormal. 

A  knowledge,  however,  of  the  strength  of  the  cathodal  closing 
current  (CCC)  alone  that  will  stimulate  a  nerve  is  not  sufficient  for 
the  purpose.  It  is  necessary  for  the  purpose  of  differentiating  the 
physiological  from  the  pathological  to  know  also  the  strength  of 
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the  cathodal  opening  current  (COC)  as  well  as  that  of  the  anodal 
closing  and  opening  currents  (ACC  and  AOC).  These  have  been 
investigated  by  the  authorities  enumerated  above,  but  in  1916 
Holmes1  re-investigated  the  subject.  He  gives  the  following 
table  : — 


Age. 

No.  of 
Children. 

Average  of  Values  Obtained 
in  Normal  Children. 

AOC 
Less  than 
ACC 
per  Cent. 

Chvostek’s 
Phenomenon. 
(Twitching  of 
the  Face  on 
Striking  the 
Facial  Nerve.) 

CCC. 

ACC. 

AOC. 

COC. 

Under  1  mth. 

29 

>5 

>5 

>5 

>5 

1-6  months  - 

56 

3*9 

4-9 

>5 

>5 

8 

.  .  . 

|-1  year 

38 

3-3 

4-7 

4-6 

>5 

20 

.  .  • 

1-2  years 

41 

2-9 

4-6 

4-6 

>5 

36 

.  .  . 

9  *3 

w-0  ,, 

20 

2-5 

4-2 

4-3 

>5 

30 

5 

3-4  „ 

24 

2-3 

4*2 

4-2 

>5 

40 

•  •  • 

5-6  „ 

22 

T9 

4T 

3-7 

>5 

67 

14 

6-7  „ 

20 

L8 

3-9 

3-0 

4-9 

75 

5 

7-8 

20 

T9 

3-7 

3-2 

4-9 

65 

5 

8-9  „ 

30 

1-7 

3-9 

3-5 

>5 

60 

16 

9-10  „ 

20 

1-8 

3-8 

3-2 

4-9 

55 

25 

10-11  „ 

20 

1-8 

3-6 

3-5 

4-9 

50 

20 

11-12,, 

20 

1*6 

3-5 

3-1 

5-0 

40 

25 

12-13  „ 

20 

1-7 

3-6 

2-3 

5-0 

55 

20 

This  table  shows  : — 

1.  That  there  is  a  gradual  transition  from  high  electrical 
values  of  early  infancy  to  the  relatively  low  values  of  adult  life. 

2.  Values  below  5  milliamperes  other  than  CCC  are  rare 
under  six  months. 

3.  COC  <5  is  rare  in  normal  children  of  any  age. 

4.  The  presence  of  AOC  <5  occurs  with  increasing  frequency 
after  the  first  half-year. 

5.  Chvostek’s  sign  is  rare  in  children  under  five. 

6.  At  five  to  six  years  there  is  an  abrupt  transition  towards 
adult  values. 

The  following  are  the  values  in  cases  of  tetany  : — 

CCC  ACC  AOC  COC 

0*63  L14  0-55  L94 

The  Nature  of  the  Nerve  Impulse. — The  most  recent  view  on 
the  subject  is  that  the  electrolytes  in  the  axis  cylinder  lie  within 
membranous  partitions,  which  act  as  semi-p,ermeable  membranes, 

1  A mer.  Journ.  Dis.  Child. . ,  12,  1916,  p.  1. 
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allowing  some  ions  to  pass,  but  preventing  others.  As  the  result 

of  this  there  will,  during  the  passage  of  an  electric  current,  be 

a  concentration  of  positively  charged  ions  on  one  side  and 

negatively  charged  ions  on  the  other  side  of  the  membrane.  When 

the  concentration  reaches  a  certain  point,  the  difference  of  potential 

becomes  sufficiently  high  to  cause  an  excitation  wave.  The  salts 

which  are  ionised  are  NaCl,  KCi,  CaCI.„  etc.  The  quotient 

Na  concentration  .  .  n  CNa  .  r  , 

_ - ; — ,  or  briefly,  ?  gives  a  measure  of  the  ex- 

La  concentration  CCa 

citability  of  the  nerve.  Overton  and  Loeb  have  shown  that 
immersion  of  the  nerve  in  calcium  chloride  will  inhibit,  and 
immersion  in  sodium  chloride  will  intensify,  a  nerve  excitation. 
Further,  Loeb  finds  that  an  oxalate,  fluoride,  or  oleate  which  will 
precipitate  calcium  will  increase  the  excitability. 

This  is  a  point  of  great  interest,  from  the  point  of  view  of  tetany 
or  the  spasmophile  diathesis.  Experimental  tetany  can  be  produced 
in  animals  by  extirpating  their  parathyroids.  In  such  cases  there 
is  a  diminution  of  calcium  in  the  blood,  and  administration  of 
calcium  salts  intravenously  prevents  the  convulsions  (MacCallum 
and  Voigtlin),1  whilst  exhibition  of  sodium  salts  will  intensify 
those  seizures;  and  Cattaneo  2  has  shown  that  in  cases  of  tetany 
there  is  a  diminution  of  calcium  in  the  blood  (0*02  as  against 
0'08  in  the  adult).  A  similar  diminution  has  been  found  by 
Neurath  3  by  means  of  Wright’s  method  of  precipitating  the  calcium 
with  oxalates. 

The  association  of  tetany  with  rickets  (in  which  there  is  a 
diminution  of  calcium  in  the  bones)  is  further  evidence  in  this 
direction. 

That  calcium  also  diminishes  the  excitability  of  the  cerebral 
cortex  has  been  shown  by  Sabbatani  and  Roncoroni  by  applying 
solutions  of  calcium  salts  to  the  cortex. 

These  experimental  findings  have  been  utilised  therapeutically. 
Administration  of  calcium  salts  has  been  found  to  diminish  the 
intensity  and  frequency  of  the  convulsive  attacks  in  tetany. 


The  Superficial  and  Deep  Reflexes. — We  have  already  studied 
these  reflexes  at  the  moment  of  birth.  Here  we  shall  discuss 
these  reflexes  during  infancy  and  childhood.  Soltmann  showed 
that  all  movements  at  birth  are  reflex  in  character,  inasmuch  as 
the  psychomotor  centres  in  the  brain  are  not  yet  developed  at 
birth.  Similarly,  because  of  the  imperfect  development  of  the 
inhibitory  centres,  the  reflexes  should  be  exaggerated  in  early 
infancy.  Furmann 4  investigated  the  various  reflexes  in  500 


1  Jo  urn.  Exp.  Med.,  11,  1909,  p.  118. 

2  Pediatria ,  1910. 

3  Zeitschr.  f.  Kinderheilk ,  1,  1910. 

4  Dissert.,  St  Petersburg,  1903. 
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children  between  the  ages  of  one  day  and  ten  years.  The 
following  are  his  results  : — 

1.  The  Mandibular  Reflex. — This  is  present  from  early  infancy 
onwards. 

2.  The  Knee-Jerk. — During  the  early  months  this  is  exaggerated, 
and  up  to  the  age  of  two  years  a  sympathetic  reflex  of  the  opposite 
limb  is  sometimes  obtainable  on  striking  the  patellar  tendon  of  one 
side.  In  about  10  per  cent,  of  cases  a  clonic  knee-jerk  is  elicited. 

3.  The  Achilles  Reflex  was  found  in  80  per  cent,  of  cases.  In 
two  cases  a  clonus  was  obtained,  but  in  these  the  mother  suffered 
from  hysteria. 

4.  Ankle  Clonus  is  absent  in  healthy  children. 

5.  The  Plantar  Reflex. — Normally  in  adults,  on  tickling  the 
inner  border  of  the  sole  of  the  foot,  the  big  toe  becomes  flexed.  In 
cases,  however,  of  organic  disease  of  the  pyramidal  tract,  the  toe 
becomes  extended.  Such  extension  of  the  toe  is  known  as 
Babinski’s  phenomenon  or  sign.  In  infants,  owing  to  the  imperfect 
development  of  the  pyramidal  tracts,  Furmann,  in  common  with 
others,  found  that  the  Babinski  phenomenon  is  nearly  always 
present  up  to  the  age  of  nine  months  ;  is  frequently  found  up  to 
two  years ;  but  that  its  persistence  after  that  age  is  a  sign  of 
organic  disease  of  the  pyramidal  tract.  My  own  observations  do 
not  confirm  the  practical  universality  of  this  phenomenon  in  infants 
under  nine  months  of  age.  I  have  frequently  found  this  pheno¬ 
menon  absent  in  infants  a  few  weeks  old,  whether  well  nourished 
or  marasmic,  so  that  even  in  such  young  babies  the  normal  adult 
type  of  the  plantar  reflex  (/.<?.,  flexion  of  the  toe)  is  quite  common. 

Swallowing  Reflex  from  the  Cornea. — Strebel 1  has  noticed  that 
when  the  surface  of  the  eye  is  bedrizzled  with  some  indifferent  fluid 
such  as  saline,  there  is  a  reflex  swallowing  movement,  in  addition 
to  the  reflex  lid-closing  and  withdrawal  movements.  This  swallow¬ 
ing  movement  is  found  even  at  birth  if  cold  water  is  used.  Its 
absence  indicates  lack  of  sensibility  of  cornea. 

Nerve  Fatigue. — We  have  seen  that  in  the  case  of  muscle 
which  has  been  stimulated  for  some  time,  certain  poisons  are 
formed  as  the  result  of  the  disintegration  of  the  muscle  tissue,  and 
that  these  toxins  passing  into  the  blood  act  upon  the  nerve  centres 
and  give  rise  to  fatigue.  In  the  case  of  peripheral  nerves,  how¬ 
ever,  it  has  been  impossible  to  obtain  the  phenomena  of  fatigue. 

Thus,  Bowditch  curarised  a  muscle  nerve  preparation,  and 
continually  stimu’ated  the  nerve  for  hours.  The  curare,  which 
paralyses  the  motor  nerve  endings,  blocks  the  current  from  passing 
and  stimulating  the  muscle.  He  found  that  when  the  effect  of 
the  curare  began  to  pass  off  the  muscle  began  to  contract,  showing 

1  Correspondenz-Blatt.  fur  Schweizer  Aerzte,  Basel,  Sept.  28,  1918,  48,  No.  39. 
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that,  though  the  nerve  was  continually  being  stimulated  all  the 
time,  there  was  no  fatigue  manifest.  The  same  phenomenon 
has  been  demonstrated  in  many  other  ways.  This  would  seem 
to  show  that,  during  nerve  stimulation,  no  metabolism  takes  place 
within  it.  This  is  borne  out  by  the  work  of  Rolleston  1  and  Hill,2 
who  failed  to  detect  the  slightest  rise  of  temperature  in  a  nerve 
during  stimulation,  in  spite  of  the  fact  that  Hill’s  instrument  could 
detect  a  rise  of  a  hundred-millionth  of  a  degree  centigrade.  On 
the  other  hand,  Tashiro  3  has  been  able  to  detect  a  minute  rise  in 
C09  production  in  a  nerve  during  stimulation. 

The  instrument  that  he  used  was  capable  of  detecting  as 
little  as  one  ten-millionth  of  a  gram  of  C02. 

Further,  the  temperature  coefficient  of  a  nerve  =  2 
(  .  ^  velocity  of  nerve  current  at  T n  +  10  _ 
velocity  of  nerve  current  at  T n 

showing  that  there  must  be  some  chemical  activity  occurring  in  a 
nerve  when  functionating.  (See  Chap.  III.,  p.  39). 

The  Effect  of  Muscular  Fatigue  upon  the  Nerve  Cells  of  the 
Central  Nervous  System. — But  although  nerves  are  insusceptible  to 
fatigue,  Hodge,  by  examining  the  nerve  cells  of  bees  coming  out 
of  their  hives  in  the  morning,  and  comparing  them  with  those  of 
bees  which  had  finished  a  day’s  work,  found  that  fatigue  produced 
definite  microscopic  changes  in  them.  The  same  has  been  found 
to  be  the  case  in  other  animals. 


Mental  Fatigue. 

The  study  of  mental  fatigue  in  children  is  one  of  the  greatest 
educational  importance. 

Mental  fatigue  can  be  measured  in  several  ways. 

{a)  Direct  Methods.  —  These  methods  measure  intellectual 
fatigue  by  intellectual  work  : — - 

1.  The  Dictation  Test. — The  child  is  given  some  dictation  to 
do  before  and  after  a  lesson,  and  the  number  of  mistakes  is 
counted  in  each  of  the  dictations  (allowing  for  mistakes  made 
through  ignorance).  The  following  is  an  example  of  such  a  test : — 

40  mistakes  (due  to  inattention)  in  the  morning  before  lesson. 

70  ,,  after  1  hour  of  lesson. 

160  ,,  ,,  2  hours  of  lesson. 

190  „  „  3  „ 

2.  Calculation. — Simple  additions  are  given  before  and  after 
the  period  whose  fatigue  is  to  be  tested.  These  are  to  be  done  as 
quickly  as  possible,  and  the  number  of  mistakes  counted  in  each  case. 

iff)  Indirect  Methods. — These  measure  mental  fatigue  in  terms  of 
alteration  in  other  functions  such  as  muscular  work,  sensibility,  etc. : — 

1  fourn.  Physiol .,  11,  1890.  2  Ibid. ,  43,  1911-12. 

3  Amer.  Joinn.  Physiol.  (Proceedings),  32,  22,  1913. 
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1.  The  Ergograpli  Method.— The  child  is  asked  to  write  a 
fatigue  tracing  before  and  after  a  period  of  intellectual  work.  By 
this  method  it  has  been  found  that  the  child’s  endurance  increases 
steadily  from  six  to  twelve  years  of  age,  but  that  the  fatigue  sets  in 
more  quickly  in  girls  than  in  boys.  The  superiority  of  boys,  in 
this  respect,  is  noticeable  at  all  ages,  but  it  becomes  most  marked 
at  the  age  of  fourteen,  when  boys  acquire  almost  half  their  total 
strength  and  endurance  (as  measured  by  the  size  of  the  weight 
and  the  number  of  times  it  is  lifted  respectively),  whilst  girls 
increase  in  these  two  directions  very  slightly  after  that  age. 

2  The  sEstliesiometer  Test . — Griesbach  found  that  the  sensi¬ 
tiveness  of  the  skin,  as  measured  by  the  distance  at  which  the  two 
points  of  a  pair  of  compasses  (sesthesiometer)  can  be  separately  felt, 
varies  with  the  degree  of  fatigue.  The  following  is  an  example 
given  by  Binet 1 : — 


Distance  of 
Points  in  Mm. 

Before  a  Lesson. 
Number  of  Responses. 

After  a  Lesson. 
Number  of  Responses. 

For  “  One 
Point.” 

For  “Two 
Points.” 

For  “  One 
Point.” 

For  “  Two 
Points.” 

0 

124 

12 

126 

10 

5 

113 

23) 

126 

101 

10 

89 

47-163 

112 

24  k 108 

15 

43 

93) 

62 

74J 

20 

9 

127 

20 

116 

25 

9 

127 

2 

134 

30 

1 

135 

2 

134 

3,  The  Method  of  Tapping. — The  child  is  made  to  tap  with 
the  finger  as  quickly  as  possible  the  handle  of  a  telegraph  key¬ 
board,  the  taps  being  automatically  recorded  on  a  moving  drum. 
The  number  of  taps  given  during  the  first  five  seconds  of  the 
experiment  is  compared  with  that  made  during  the  last  five 
seconds.  Thus,  supposing  the  child  makes  forty  taps  in  the  first 
five  seconds,  and  only  thirty  in  the  last  five,  then  the  fatiguability 

40  -  30  or 
=  — — —  =  25  per  cent. 

40 

There  are  many  other  direct  and  indirect  methods  which  have 
been  employed,  for  a  description  and  criticism  of  which  the  reader 
must  refer  to  works  on  experimental  psychology. 

1  “  Sur  la  fatigue  intellectuelle  scolaire,”  Annie psychologique ,  xi. ,  1905. 
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By  the  use  of  these  methods  it  has  been  found  that  the  rapidity 
with  which  mental  fatigue  (inattention)  sets  in  varies  inversely  with 
the  age  of  the  child.  Thus,  according  to  Chadwick- 
Bet  ween  5  and  7  years  the  attention  can  be  fixed  for  15  min. 


33 

7 

5? 

10 

3  3 

33 

33 

10 

>> 

12 

33 

33 

3  3 

12 

16 

33 

33 

33 

33 

33 


20 


25 

30 


33 

33 

33 


This  teaches  that  school  lessons  should  be  short  and  should  be 
followed  by  short  periods  of  play.  It  further  follows  that  school 
time-tables  should  be  arranged  in  such  a  way  that  those  subjects 
which  are  more  difficult  and  require  a  greater  amount  of  attention 
should  be  taken  up  in  the  morning,  leaving  the  easier  subjects  for 
later  hours. 


SECTION  IV 

Sleep. — The  most  complete  remedy  for  fatigue  is  sleep.  It 
wrould  be  impossible  to  enter  here  into  a  full  discussion  of  the  various 
theories  of  the  causation  of  sleep,  but  it  will  be  profitable  to  consider 
briefly  the  three  following  theories  : — 

(A)  Cerebral  Ancemia. — Tarchanoff  found  that  the  aortic  pressure 
in  very  young  dogs  fell  by  about  20-50  mm.  Hg  during  .sleep. 
Brush  and  Fayerweather  found  a  similar  fall  in  blood  pressure 
in  man.  Mosso  found  that  patients  with  a  trephine  hole  in  the 
skull  showed  a  diminution  in  the  volume  of  the  brain  during  sleep, 
whilst  the  volume  of  the  limbs,  as  shown  by  the  plethysmograph, 
increases.  Howell  found  that  the  dilatation  of  the  peripheral 
blood  vessels,  as  shown  by  the  plethysmographic  increase  in  volume 
of  the  limbs,  reached  its  maximum  at  about  two  hours  after  the 
beginning  of  sleep,  after  which  it  gradually  diminished.  It  would 
appear,  therefore,  that  sleep  is  caused  by  a  cerebral  anaemia,  the 
result  of  a  dilatation  of  the  peripheral  capillaries.  It  is,  however, 
to  be  remarked  that  other  observers,  e.g.,  Shepard  and,  Brodman,1 
have  found  that  during  sleep  there  is  a  general  dilatation  of  the 
capillaries,  including  those  of  the  brain.  In  infants  Canestrini2 
failed  to  find  any  change  in  the  volume  of  the  brain  during  sleep 
(as  recorded  by  a  tambour  on  the  fontanelle). 

(T)  Toxin  Theory. — Pieron  not  only  found  certain  microscopical 
changes  in  the  cortical  cells  of  the  frontal  regions  of  dogs  kept 
awake  for  long  periods  of  time,  but  that  when  the  blood  or  cerebro¬ 
spinal  fluid  of  such  animals  is  injected  into  the  fourth  ventricle  of 
the  brain  of  another  animal  the  latter  becomes  sleepy,  and  shows 
similar  changes  in  its  cerebral  cortical  cells. 

( C )  Amoeboid  Theory. — This  theory  was  enunciated  by  Ruckhardt, 
and  elaborated  by  Lepine,  Golgi,  Ramon-y-Cajal,  Duval,  Lagero, 

1  Journ.f.  Psych,  u.  Neurol . ,  vol.  i.,  Ileften  1  and  2. 

2  Op.  cit .,  p.  30. 
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and  others.  According  to  these  physiologists,  the  terminal  arbor¬ 
isations  of  the  afferent  paths  and  the  dendrites  of  the  cortical 
cells  are  capable  of  contraction  and  extension.  During  the 
waking  hours  these  branches  elongate,  and  establish  a  synapsis  or 
connection  between  the  cortical  cells  and  the  afferent  nerves, 
rendering  the  former  capable  of  external  stimulation  ;  whilst  during 
sleep  the  processes  contract,  and  the  connection  between  them  is 
broken.  This  is,  however,  a  speculation  which  does  not  rest  upon 
any  sound  experimental  observations. 

It  will  thus  be  seen  that  the  physiological  basis  of  sleep  is  still 
a  matter  of  uncertainty. 

Average  Duration  of  Sleep. — Camerer  gives  the  following 
table  : — 


Sex. 

Age. 

Hours. 

Female  - 

2 

years 

11*17  + 

1-2  hours  daily. 

5  5 

5  2 

55 

10-9 

5  5 

5 

55 

10-9 

5  J 

hr 

7 

55 

10*8 

55 

10 

55 

9-8 

Male 

51 

0-4 

55 

11*3 

;  5 

7 

55 

10-5 

n 

9 

55 

9-9 

>> 

1 

i-2 

55 

10-2 

Physiological  Relations  during  Sleep. 

Respiration . — Slower  and  deeper  and  more  costal  than  in 
waking  state,  sometimes  Cheyne-Stokes  in  type  in  the  adult,  but  not 
in  the  infant  (Czerny  and  Canestrini) ;  expiration  shorter  on 
account  of  the  diminished  amount  of  inspired  air. 

Knee-Jerks. — Decrease,  or  disappear. 

Secretions. — Diminished,  e.g.,  urine,  tears,  naso-pharyngeal  and 
possibly  digestive.  Hence  the  dryness  of  the  mouth  on  waking,  and 
the  rubbing  of  the  eyes. 

Circulation. — Pulse  slower ;  blood  pressure  falls  slightly,  as 
shown  by  the  kymograph  in  animals  and  the  sphygmometer  in  man 
(from  100-105  to  95-90  mm.  Hg).  The  sweat  glands  of  the  skin 
act  more  freely,  and  hence  the  greater  liability  to  chill  than  when 
awake. 

Amount  of  C02  breathed  out  is  less. 

All  these  diminished  activities  are  the  result  of  partial  or  complete 
cessation  of  cerebral  activity,  and  because  of  such  diminution  the 
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child  is  more  susceptible  to  cold  during  sleep,  and  must,  therefore, 
be  warmly  covered. 

Heat  Production. — Atwater  and  Benedict 1  found  that  average 
heat  production  during  waking  hours  =  99*1  cals,  per  hour,  whilst 
during  sleep  it  =  68*4  cals,  per  hour. 

The  Intensity  of  Sleep. — The  depth  of  unconsciousness  during 
sleep  has  been  studied  by  Kohlschutter,2  as  well  as  by  Monninghof 
and  Piesbergen,3  by  observing  the  intensity  of  the  sound  (as 
measured  by  a  ball  falling  from  various  heights,  or  in  other  ways) 
required  to  awaken  an  individual.  It  was  found  that  the  auditory 


1,300 

1,200 

1,100 

1,000 

OJ  900 

&  8oo 
£ 

q  roo 
.•q  6o  0 
500 

400 

300 

200 

• 

\ 

\  / 

\ 

V 

\ 

\ 

/\ 

/  \ 

\ 

\ 

' 

/ 

/ 

N 

% 

\ 

% 

/ 

/ 

V 

\ 

/ 

\ 

/  / 

•a 

\ 

- ' 

\  \ 

\ 

/ 

[  / 

f 

\ 

\ 

/ 

/ 

(  . 

1 

_ 1 _ 

_ ! _ 

_ 1 _ 

_ 1 _ 

- 1 - 

_ 1 _ 

_ 1 _ 

\ 

i  \ 

_ i _ j 

12  3  4  56789  10  H 
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Fig.  118.— Influence  of  Afternoon  Sleep  on  the  intensity 
of  sleep  at  Night  (after  Czerny). 

- Intensity  of  sleep  without  afternoon  sleep. 

....  Intensity  of  sleep  after  afternoon  sleep. 

This  shows  that  after  an  afternoon  sleep  the  first  rise  is  less  rapid 
and  does  not  attain  the  same  height.  The  duration  of  sleep  is  not 
markedly  altered. 

stimuli  had  to  be  increased  gradually  during  the  first  hour,  that 
the  intensity  reached  its  maximum  at  about  the  end  of  the  first 
hour,  after  which  it  abruptly  fell  during  the  first  half  of  the 
second  hour,  and  then  fell  more  gradually.  But  although  the 
intensity  of  the  sleep  is  so  slight  between  the  third  and  eighth 
hour,  it  is  as  important  as  the  short,  deep  sleep  in  restoring  the 
brain  to  its  functional  irritability.  This,  of  course,  is  a  matter  of 
common  experience,  but  it  has  been  proved  experimentally  by 
Weygandt,  who  found  that  whilst  simple  mental  tests,  such  as  easy 
addition,  can  be  carried  out  as  efficiently  after  a  short  as  after  a 

1  “  Tabellen,”  p.  371. 

2  Zeitschr.  f.  rationelle  mediozin,  1863. 

3  Zeitschr.  f  Bio!.,  Ill,  1,  1883. 
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Fig.  119. — Curve  of  intensity  of  Sleep  in  a  child  3  years  and 
8  months  old  (after  Czerny). 
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Fig.  120. — Curve  of  intensity  of  Sleep 'in  adult,  modified 
from  Monninghof  and  Piesbergen. 
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long  sleep,  more  difficult  mental 
work  can  only  be  carried  out 
after  prolonged  sleep,  and  the 
efficiency  with  which  it  can  be 
carried  out  is  proportional  to  the 
length  of  the  sleep. 

Intensity  of  Sleep  in  Children. 
— Czerny  1  studied  the  intensity 
of  sleep  in  children  of  ^various 
ages.  As  very  young  infants 
are  deaf,  he  used  induction  shocks 
of  varying  intensities  to  awake 
the  sleepers,  the  electrodes  being 
put  on  the  arm.  He  found  that 
in  children  of  four  years,  with  a 
normal  period  of  sleep  of  about 
twelve  hours,  there  was  a  very 
marked  increase  in  depth  towards 
the  morning  (see  Figs.  118- 
120). 

The  following  figures  give  the 
intensity  in  milliamperes  : — 


Intensity  of  Sleep  in  Children.  (A.  Czerny.) 


Hour  of  Sleep. 

3£  Year  Old  Girl. 

9  Month  Old  Boy 
(Breast  Fed). 

1st 

Milliamperes. 

1,300 

Milliamperes. 

1,250 

2nd  - 

450 

700 

3rd  - 

300 

500 

4th 

200 

450 

5th  - 

180 

Woke  up  spontaneously 

6th  - 

150 

for  a  feed,  and  kept 
awake  1  hour 

7  th  - 

250 

900 

8th 

350 

650 

9th  - 

600 

500 

10th  - 

800 

Awoke 

11th  - 

350 

... 

14  -  -  -  - 

Woke  up 

•  •  • 

Liminal  value  of  stimulus 

100 

250 

in  waking  state 

1 J a  hr  b.  f.  Kinderheilk ,  N.F.  63  Bd.,  1892,  pp.  11  and  17. 


Fig.  121. — Curve  of  intensity  of  Sleep 
of  infant  23  days  old.  It  awakened 
spontaneously  after  2|  hours. 
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Czerny  also  gives  the  following  table,  showing  the  threshold 
stimulus  required  to  make  an  infant  stir  in  his  sleep  at  various 
ages  from  birth  onwards  : — 


1  day 

- 

- 

400  milliamperes. 

6  days 

- 

- 

-  300 

55 

11  „ 

- 

- 

-  400 

55 

17  „ 

- 

- 

300 

55 

23  „ 

- 

- 

-  250 

55 

24  „ 

- 

- 

-  250 

55 

SECTION  V 

Cerebro-Spinal  Fluid. 

Manner  of  Production. — While  all  authorities  are  agreed  that 
the  cerebro-spinal  fluid  is  produced  by  the  choroid  plexus,  there 
is  a  certain  amount  of  controversy  as  to  whether  it  is  entirely 
produced  by  the  secretory  activity  of  the  epithelium  of  the  choroid 
plexus  (Halliburton)  or  whether  it  is,  in  part  at  least,  produced  by 
filtration  or  exudation  like  lymph.  Dandy  and  Blackfran  1  trephined 
the  atlas  in  animals,  and  inserted  a  cannula  into  the  subarachnoid 
space.  They  found  that  administration  of  drugs,  like  pilocarpine, 
which  stimulate  glandular  activity,  produced  a  constant  but  slight 
increase  of  flow  from  the  cannula,  and  that  subsequent  histological 
examination  of  the  choroid  plexus  did  not  reveal  any  changes 
which  are  associated  with  glandular  activity.  Further,  intravenous 
injections  of  fresh  aqueous  extracts  of  choroid  plexus  did  not,  in 
their  experiments,  produce  an  increased  flow  of  the  fluid.  On 
the  other  hand,  production  of  cerebral  venous  stasis,  by  compression 
of  the  jugular  veins,  caused  an  instantaneous  increase  of  cerebro¬ 
spinal  fluid.  There  is,  however,  very  little  doubt  that  the  fluid  is, 
for  the  most  part  at  least,  produced  by  secretory  activity  of  the 
choroid  plexus,  because  it  has  been  found  both  clinically  and 
experimentally  that  foreign  substances  pass  with  difficulty  from  the 
blood  to  the  cerebro-spinal  fluid.  Thus,  in  congenital  syphilis  in 
which  the  central  nervous  system  is  not  involved,  the  Wassermann 
reaction  is  positive  in  the  blood,  but  negative  in  the  cerebro-spinal 
fluid.  Also  experimental  introduction  of  coloured  solutions  such 
as  indigo,  carmine,  etc.,  into  the  blood  fails  to  show  the  slightest  trace 
of  these  dyes  in  the  cerebro-spinal  fluid.  It  must,  therefore,  be 
assumed  that  the  fluid  is  produced  mainly  by  secretion  but  also 
by  filtration. 

Absorption  of  the  Fluid. — It  is  obvious  that,  simultaneously  with 
the  production  of  the  fluid  by  the  choroid  jfiexus,  there  must  also 

1  A mer.  fourn.  Dis.  Child. ,  viii.,  1914,  406. 


THE  NERVOUS  SYSTEM 


579 


be  a  constant  absorption  of  the  fluid  taking  place,  otherwise  the 
fluid  will  keep  on  collecting  in  and  distending  the  cerebral  ventricles, 
as  well  as  the  subarachnoid  space,  of  the  spinal  cord.  Normally 
there  is  a  balance  between  the  production  of  this  fluid  and  its 
reabsorption  through  the  Pacchionian  bodies — which  are  small, 
thin,  sac-like  projections  of  the  arachnoid — into  the  interior  of 
cerebral  venous  sinuses. 

Hydrocephalus. — When  there  is  a  loss  of  balance  between 
secretion  and  absorption,  that  is  to  say,  when  more  fluid  is  secreted 
than  is  reabsorbed,  distension  of  the  cerebral  ventricles,  or  of  the 
subarachnoid  space,  occurs.  This  condition  is  called  hydrocephalus. 
Frazier1  divides  hydrocephalus  into  the  following  classes : — 

(1)  Obstructive ,  where  there  is  a  mechanical  obstruction  to 

the  natural  drainage  of  the  fluid  from  the  ventricles 

into  the  subarachnoid  space. 

(2)  Non- Absorptive ,  in  which  absorption  through  the 

Pacchionian  bodies  is  for  some  reason  defective. 

(3)  Hyper-Secretive ,  due  to  some  pathological  condition  of 

the  choroid  plexus. 

Frazier  proposes  the  following  tests  to  distinguish  the  different 
varieties  from  one  another  : — 

1.  Injection  of  1  c.c.  of  a  neutral  solution  of  phenol-sulphone- 
phthalein  into  the  lateral  ventricles,  and  noting  the  time  of  the 
appearance  of  the  dye  in  the  fluid  withdrawn  by  lumbar  puncture. 
If  the  dye  does  not  appear  in  the  normal  time  (/.<?.,  three  to  eight 
minutes),  the  hydrocephalus  is  of  the  obstructive  type.  More  direct 
evidence  of  complete  obstruction  is  failure  (in  the  absence  of  faulty 
technique)  to  obtain  any  fluid  by  lumbar  puncture. 

2.  Injection  of  phenol-sulphone-phthalein  into  the  subarachnoid 
space  of  the  spinal  cord  by  means  of  a  lumbar  puncture  needle. 
Normally  the  dye  should  appear  in  the  urine  within  ten  minutes, 
and  the  entire  amount  excreted  in  two  hours.  If  there  is  delay,  the 
hydrocephalus  is  of  the  non-ab sorptive  type. 

3.  If  both  tests  give  negative  results,  then  the  hyper-secretive 
type  may  be  diagnosed. 

Frazier  further  proposes  treatment  of  these  conditions  on  the 
following  lines 

I.  For  the  obstructive  variety,  an  outlet  for  the  pent-up  fluid 
into  the  subarachnoid  space  can  be  easily  established  by  puncturing 
the  corpus  callosum,  with  good  results.  I  have  recently  treated 
a  mild  case  of  obstructive  hydrocephalus  in  this  way  with  an 
excellent  immediate  result.  Unfortunately,  the  infant  developed 
nasal  diphtheria  about  ten  days  after,  from  which  it  died. 

1  Amer.  Journ.  Dis.  Child. ,  ii. ,  1916,  p.  95. 
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2.  For  the  non-absorptive  type  he  suggests  draining  the  spinal 
cord  into  the  pleural  cavity. 

3.  For  the  hyper-secretive  variety  he  recommends  administration 
of  1  gr.  of  thyroid  three  times  daily,  which  he  found  from  numerous 
experiments,  as  well  as  from  clinical  observations,  to  act  as  a 


Fig.  122. —Method  of  measuring  the  Pressure  of  Cerebro- 
Spinal  Fluid.  (Pfaundler and  Schlossmann’s  “Diseases 
of  Children.”  Lippincott  Company,  Philadelphia.) 

depressor  of  the  secretory  activity  of  the  choroid  plexus,  and 
invariably  reduces  the  secretion  of  the  cerebro-spinal  fluid. 

Pressure  of  the  Cerebro- Spinal  Fluid. — This  is  obtained  by 
connecting  the  needle  plunged  into  the  subarachnoid  space  (in 
the  operation  for  lumbar  puncture)  by  means  of  an  india-rubber 
tube  with  a  manometer  (Fig.  1  22).  In  normal  children  the  pressure 
in  the  horizontal  position  varies  between  40  and  130  mm.  H20. 
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An  intraspinal  pressure  of  over  150  mm.  H20  must  be  considered 
pathological,  e.g.,  meningitis,  hydrocephalus,  cerebral  tumour,  etc. 
The  pressure  varies  with — 

(a)  The  amount  of  fluid  in  the  cerebral  ventricles  and  spinal 
cord. 

(b)  The  secretory  pressure  of  the  choroid  plexus. 

(c)  Respiration. — There  is  an  oscillation  amounting  to  20  mm. 
H.,0  during  each  respiratory  act. 

(d)  Pulse. — With  each  pulse  there  is  an  oscillation  of  pressure 
amounting  to  2-5  mm.  H.,0,  due  to  the  pulsation  of  the  cerebral 
arteries.  Absence  of  such  oscillation  indicates  obstruction  between 
the  cerebral  ventricles  and  the  spinal  cord. 

(e)  Posture. — In  the  sitting  posture  the  pressure  is  necessarily 
higher,  because  there  is  added  to  the  elastic  pressure  the  hydrostatic 
pressure  of  the  column  of  fluid,  equal  nearly  to  the  sitting  height. 
According  to  Kronig,  the  vertical  pressure  is  410  mm.  H20.  There 
seems  to  be  no  relation  between  the  intraspinal  pressure  and  the 
blood  pressure. 

Properties  of  Cerebro-Spinal  Fluid. — Normal  cerebro-spinal  fluid 
is  clear  and  contains  very  few  cells.  Its  specific  gravity  is  1,006-1,007  ; 
under  pathological  conditions  it  may  amount  to  1,010-1,013.  It 
contains  no  more  than  0'2-0*5  per  mille  protein.  This  consists  of 
both  albumen  and  globulin.  An  increase  of  globulin,  as  determined 
by  testing  with  a  cold  saturated  solution  of  ammonium  sulphate 
(Nonne- Ape  It’s  reaction ),  is  found  in  syphilis.  The  fluid  also 
contains  normally  between  0‘054  and  O'  1 3 9  per  cent,  of  a  reducing 
substance,  which  Halliburton  first  believed  to  be  pyrocatechin 
or  its  derivative,  but  which  Schloss  and  Schroeder1  believe  to  be 
dextrose. 

The  sugar,  which  is  present  in  the  same  amount  as  in  the  blood, 
is  often  diminished  in  tuberculous  meningitis,  being  broken  up  by 
the  organism  with  production  of  lactic  acid. 

The  cytological  examination  of  the  fluid  is  important.  Normally 
there  are  very  few  leucocytes.  Lymphocytosis  occurs  in  tuber¬ 
culous  meningitis  ( and  becomes  greater  after  injection  of  tuberculin 
into  the  cerebro-spinal  fluid)  or  in  syphilitic  disease  of  the  central 
nervous  system.  The  bacteriological  examination  of  the  fluid  is 
also  very  important.  In  cerebro-spinal  meningitis,  Weichselbaum’s 
Gram-negative  meningococcus  is  found  inside  polymorpho-nuclear 
leucocytes.  The  pneumococcus  and  streptococcus  are,  according 
to  Thiemich,  most  commonly  found  in  meningitis  in  children. 
Next  come  the  Staphylococcus  pyogenes ,  Friedlander’s  diplo- 
bacillus,  and,  rarest  of  all,  the  influenza  bacillus.  In  tuberculous 
meningitis  the  tubercle  bacillus  can  be  demonstrated. 

1  Amer.  Journ.  Dis.  Child.,  11,  1916,  p.  1. 
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Function  of  the  Cerebro-Spinal  Fluid . — According  to  Halliburton,1 
the  fluid  is  an  ideal  physiological  saline  solution  for  bathing  and 
nourishing  the  sensitive  neurons.  The  protein,  though  present  in 
minute  quantities,  is  sufficient  for  nutritive  processes,  and  the  sugar 
supplies  them  with  energy.  The  epithelium  of  the  choroid  plexus, 
in  virtue  of  its  selective  secretory  power,  protects  the  central  nervous 
system  from  poisonous  materials  circulating  in  the  blood. 


SECTION  VI 

The  Autonomic  System. 

The  autonomic  system,  which  innervates  the  involuntary 
muscles  throughout  the  body,  consists  of  two  anatomically  distinct 
and  functionally  antagonistic;  groups  of  ganglia  and  fibres,  viz.  : 
(1)  The  sympathetic  proper ,  whose  pre-ganglionic  fibres  are  derived 
from  the  thoraco-lumbar  cord,  and  whose  various  post-ganglionic 
fibres  accelerate  the  heart,  constrict  the  blood  vessels,  dilate  the 
pupils,  etc.  ;  (2)  the  parasympathetic  or  cranio-sacral  portion,  whose 
pre-ganglionic  fibres  come  from  the  brain  (e.g.,  third  nerve,  vagus, 
etc.)  and  sacral  cord  (nervi  erigentes),  and  whose  post-ganglionic 
fibres  retard  the  heart,  constrict  the  pupils,  etc.  Whilst  in  most 
persons  there  is  a  perfect  balance  between  the  activity  of  these  two 
groups,  Eppinger  and  Hess  2  found  that  in  certain  individuals  there 
is  a  predominating  action  of  one  or  other  group  resulting  in 
sympathicotonia  or  vagotonia.  The  second  is  more  frequent. 

In  vagotonics,  or  sympathicotonics,  even  slight  stimuli  suffice  to 
produce  the  alterations  in  the  pulse  rate,  size  of  pupils,  activity  of 
skin,  etc.  Hence  it  is  possible  to  ascertain  whether  any  particular 
individual  is  a  vagotonic  or  sympathicotonic  by  applying  slight 
but  appropriate  stimuli  to  the  two  portions  of  the  autonomic 
system.  This  can  be  done  in  two  ways,  viz.  : — 

(a)  Pharmacological  Test. — This  consists  in  the  hypodermic 
injection  of  minute  doses  (0*5-1  mgm.)  of  such  drugs  as  have  been 
found  to  have  a  selective  action  upon  the  vagus  or  sympathetic 
respectively.  Such  drugs  are  : — 

(i)  Vagotropic,  e.g.,  pilocarpine  which  stimulates  and 
atropine  which  depresses  the  vagus  ;  (ii)  Sympathico¬ 
tropic,  e.g.,  adrenalin  which  stimulates  the  sympathetic. 
In  vagotonics  the  vagotropic  drugs  will  call  forth  a 
response,  whilst  adrenaline  will  have  no  effect,  and 
vice  versa. 

1  Proc.  Roy.  Soc.  Med.,  1916,  10.  (Neurol.  Sectibn.) 

2  “  Die  Vagotonie,”  1910.  Translated  in  Journ.  Nerv.  and  Ment.  Dis.,  1914 
and  1915. 
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(fl)  Aschner's  Oculo-cardiac  Reflex. — In  vagotonics  compression 
of  the  eyeball  causes  a  slowing  of  the  heart.  In  sympathicotonics 
there  is  either  no  change  or  a  slight  acceleration. 

In  children  vagotonia  has  been  studied  by  Viereck,1  Eckert,2 
Gunson,3  and  others.  It  has  been  found  that  in  eczema  and 
certain  disturbances  of  digestion  (the  so-called  exudative  diathesis ), 
in  spasmophilia,  asthma,  and  post-diphtheritic  paralysis,  etc.,  there 
is  a  condition  of  vagotonia,  whilst  in  certain  tuberculous  conditions 
of  children  there  is  a  condition  of  sympathicotonia.  These 
findings  point  the  way  to  the  proper  therapeutic  management 
of  such  cases. 

1  Zeitschr.  f  Kinderheilk ,  7,  1913.  2  Ibid. 

3  Brit.  Journ.  Child.  Dis.,  12,  1915. 
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VISION 

“  Vision  is  due  to  the  gleaming,  that  is  to  say,  the  transparent  character  of  that 
which  (in  the  eye)  reflects  the  object  ;  and  sight  is  the  more  perfect  the  greater  the 
purity  of  the  substance.  ”  Theophrastus  “On  the  Senses.” 


SECTION  I 

Physiological  Anatomy  of  the  Child’s  Eye. 

The  Orbit. — As  a  result  of  measurements  of  skulls  at  various 
ages  of  infancy,  Fuchs1  came  to  the  conclusion  that  the  face,  and 
especially  the  orbit,  grows  during  the  first  two  years  of  life  far  more 
rapidly  than  any  other  part  of  the  skeleton.  The  following 
measurements  represent,  in  millimetres,  the  horizontal  and  vertical 
diameters  of  the  orbits  in  children  seventeen  days  and  two  years 
old  respectively,  and  in  an  adult : — 


Age. 

Horizontal  Diameter. 

Vertical  Diameter. 

17  days 

2  years 

Adult 

25  mm. 

33-5  „ 

39  „ 

18  mm. 

30  „ 

33  „ 

So  that  at  two  years  the  measurements  are  approximately  the 
same  as  in  the  adult. 

The  same  applies  to  the  dimensions  of  the  internal  and  external 
walls  of  the  orbit,  as  can  be  seen  from  the  following  figures  : — 


Age.  Internal  Wall. 

External  Wall. 

17  weeks  -  -  25  mm. 

3  years  -  -  40  ,, 

Adult  (18  years)  -  42  ,, 

30  mm. 

40  „ 

43  „ 

1  “  Lehrb.  der  Augenkrankheiten”,  Wien,  1901. 
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The  shape  of  the  orbit  is  distinctly  oval  in  the  foetus  and  in 
the  new-born  infant,  as  compared  with  the  circular  shape  in 
the  adult. 

The  following  table  is  taken  from  Vierordt1: — 


Capacity. 

Adult, 

30  c.c. 

New-born, 
tj’22  c.c. 

Dimensions  - 
Upper  wall  - 
Lower  ,, 

External  wall- 
Internal  ,,  - 

mm. 

47-5 

44-5 

43-5 

43 

mm. 

34 

3(1 1 

3j  1  child,  18-32 
26 )  da>’s 

The  Palpebral  Fissure. — Fuchs  gives  the  length  of  the  palpebral 
fissure  as  18*5  mm.  in  the  infant  up  to  one  year,  and  27*9  mm. 
between  the  ages  of  fifteen  and  twenty  years;  and  Dobrosserdoff 2 
found  that  between  five  and  ten  years  the  fissure  has  already 
attained  approximately  the  full  adult  length.  This  comparatively 
great  length  of  the  palpebral  fissure,  together  with  the  greater 
elasticity  of  the  skin  in  children,  are  the  factors  which  cause  the 
child’s  eye  to  be  widely  open. 

The  Eyeball. 

(a)  Development  and  Growth. — The  development  of  the  eye 
begins  at  an  early  period  of  intra-uterine  life.  At  the  end  of  the 
third  or  at  the  beginning  of  the  fourth  foetal  month  it  is  possible  to 
differentiate  the  various  parts  of  the  eyeball.  The  table  on  p.  586 
gives  the  weights  of  the  eyeball  in  grams  at  various  ages,  and  its 
dimensions  in  millimetres  at  birth  and  in  the  adult,  compiled  from 
Weiss,  Baratz,  and  Merkel  and  Orr.3 

The  diameters  given  in  this  table  are  the  internal  diameters,  i.e., 
the  diameters  of  the  whole  eyeball,  less  the  thickness  of  the  sclera, 
choroid,  and  retina.  Thus  the  whole  external  axis  or  antero¬ 
posterior  diameter,  from  apex  of  cornea  to  posterior  surface  of  sclera, 
is  17*5  mm. ;  subtract  IT  mm.  for  the  thickness  of  the  coats  and  we 
have  optic  axis  equals  16T  mm. 

From  the  table  we  see  that  the  weight  of  the  eyeball  increases 
from  birth  to  adult  age  in  the  proportion  of  1  :  3*52,  and  that  its 
greatest  increase  in  weight  occurs  during  the  first  year.  In  other 

1  “  Daten  und  Tabellen,”  p.  518. 

2  Quoted  by  Gundobin,  op.  cit.,  p.  518. 

3  Pfaundler  and  Schlossmann,  op.  cit. 
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words,  the  eyeball  grows  in  weight  pari  passu  with  the  brain, 
and  not  with  the  body.  (Proportionate  increase  in  weight  of 
brain  =  1  :  3*76  ;  that  of  body  =  1  :  21.) 


Dimensions. 

Age. 

Weight. 

Horizontal 

Diameter. 

Antero-Poster- 
ior  Diameter. 

Vertical 

Diameter. 

At  birth  - 

gin. 

2-29 

16 

16-4 

15-4 

1  year 

4-05 

19 

20 

19-7 

2  years 

4-44 

.  .  . 

.  .  . 

.  .  . 

15  „ 

6*5 

•  .  • 

Adult 

7-448 

24-43 

23-85 

23-70 

(ft)  Structure — 1.  The  Sclerotic. — This  differs  in  thickness  in 
different  parts  of  the  new-born  eye.  Thus,  while  the  anterior  part 
is  as  thick  as  in  the  adult,  the  part  near  the  optic  nerve  is  twice 
as  thick.  The  part  between  the  lids  is  so  thin  that  in  more 
delicate  children  one  can  see  through  it  the  pigment  of  the  choroid 
with  a  bluish  transparency. 

2.  The  Cornea . — Reuss  1  measured,  by  means  of  a  Horstmann’s 
pupillometer,  the  diameter  of  the  cornea  in  200  individuals  from 
birth  to  the  age  of  eighty  years,  and  Baratz2  measured  it  in  a 
foetus  of  eight  months.  The  following  are  the  results  : — 


Age. 

Diameter. 

Foetus  (8  months) 

0-1  year 

3-5  years  - 
20-30  „ 

mm. 

9-5 

9-9-2 

11-11-4 

11 -4-11  *6 

From  this  it  is  seen  that  the  diameter  of  the  cornea  is  almost  as 
large  at  birth  as  it  is  in  the  adult.  This  explains  the  apparently 
great  size  of  the  child’s  eye. 

The  Curvature  of  the  Cornea. — Authorities  are  not  in  agreement 
with  regard  to  the  relative  curvature  of  the  cornea  at  different  ages. 


1  Graefe’s  Arch.,  1881. 

2  Dissert.,  St  Petersburg,  1902. 
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Jager 1  states  that  the  curvature  is  greater  in  infants,  and  that, 
therefore,  its  refraction  must  be  greater.  From  this  it  would  follow 
that  the  child’s  eye  should  be  myopic,  but  it  is  a  retinoscopically 
established  fact  that  the  new-born  child’s  eye  is  hypermetropic  in 
98  per  cent,  of  cases  (see  p.  592). 

Woinoff,2  however,  determined  the  radius  of  curvature  of  the 
cornea  in  three  children  between  the  ages  of  six  and  nine  years, 
and  proved  that  it  was  the  same  as  in  the  adult. 

Adamjuk3  agrees  with  Woinoff’s  findings,  and  Dieckmann4 
found  the  radius  of  curvature  of  the  cornea  at  birth  to  be  7*37-7*44 
mm.,  i.e.,  only  slightly  less  than  in  the  adult  (7*829).  Axenfeld5 
gives  the  same  values  in  the  case  of  the  new-born  infant,  and 
7-7*29  mm.  in  a  seven  months’  foetus. 

3.  The  Iris. — All  observers  agree  that  there  is  a  poverty  of 
pigment  in  the  iris  of  a  new-born  infant,  a  fact  which  accounts  for 
the  blue  colour  of  babies’  eyes,  even  in  negro  children.  The 
following  table 6  gives  the  various  dimensions  of  the  iris  at  birth 
and  at  eleven  months  respectively.  The  numbers  are  in  milli¬ 
meters. 


Age. 

Width. 

Thickness 
at  Ciliary 
Region. 

Thickness 
at  the  Pupil. 

Size  of  the 
Pupil. 

mm. 

mm. 

mm. 

mm. 

Birth  - 

- 

2-8 

0-047 

0  062 

2*6 

11  months  - 

- 

4*1 

0*153 

0-077 

2-9 

The  pupil  is  often  eccentric,  being  situated  inwards  and  down¬ 
wards.  The  sphincter  of  the  pupil  has  the  same  width,  but  not 
the  same  thickness  as  in  the  adult. 

Pupil  and  Other  Reflexes. — Pfister 7  investigated  the  size  of  the 
pupils  and  the  pupil  reflexes  in  children  from  birth  to  twelve  years 
old.  His  results  are  shown  in  the  table  on  p.  588. 

Dilatation  of  pupils  as  the  result  of  sensory  stimulation  of  the 
body  (e.g.,  pinching  of  the  skin)  is  absent  during  the  first  month. 
There  is  no  contraction  of  the  pupils  during  sleep,  on  account  of 
the  imperfect  myelination  of  the  optic  and  oculomotor  nerves. 

1  “  Einstel.  d.  dioptr.  Appar,”  Wien,  1861. 

2  Klin.  Moncits.  Augenheilk. ,  1872. 

:!  Quoted  by  Gundobin. 

4  Dissert.,  Marburg,  1896. 

n  Zeitschr.  d.  Phys.  u.  Psych.  Sinnesorg. ,  1897. 

6  Baratz,  op.  cit. 

7  Arch.  Kinderheilk ,  26,  1899,  p.  33. 
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Age. 

Average  Size  of 
Pupils  (in  mm.). 

Average  Amplitude 
during  Reaction  to 
Light  (in  mm.). 

Male. 

Female. 

Male. 

Female. 

1-5  months  - 

L839 

1-884 

0-907 

1-024 

6-9  „ 

- 

2-269 

2-263 

1-192 

1-289 

10-30  „ 

- 

2-65 

2-655 

1-266 

1-420 

2J-6  years  - 

- 

2-914 

1-585 

6-12  „  -  - 

“ 

3-204 

1-920 

Furmann  examined  the  pupil  reflex  in  100  infants  (mature  and 
premature)  under  one  month  old,  and  in  100  children  between  the 
ages  of  one  and  ten  years.  He  found  that  at  birth  sudden 
illumination  of  the  pupil  causes  it  to  contract,  but  that  slight 
dilatation  follows  after  two  or  three  seconds  in  about  20  per  cent, 
of  mature  infants,  and  in  over  60  per  cent,  of  premature  infants. 

Reaction  of  Accommodation. — Convergence  does  not  occur  before 
the  fifth  month. 

Reflex  Winking  does  not  occur  before  about  the  third  month, 
because  the  optic  tracts  are  still  imperfectly  developed.  Mydriatics 
do  not  cause  such  marked  dilatation  of  the  pupils  during  the  first 
two  years,  because  of  the  feeble  strength  of  the  dilating  fibres. 

The  small  pupils  limit  the  amount  of  light  falling  upon 
the  retinae,  thus  protecting  the  infant’s  eyes  against  excessive 
stimulation.  If  the  eyes  of  young  children  are  exposed  to  frequent 
and  sudden  alternations  of  light  and  darkness,  much  strain  is 
thrown  upon  the  pupillary  muscles,  giving  rise  to  great  fatigue. 
This  occurs  in  cinemas.  Hence  young  children  should  not  be 
allowed  to  visit  cinematograph  places  too  frequently,  or  for  too  long 
a  period  at  a  time. 

During  sleep  the  pupils  are  contracted.  The  object  of  this 
contraction  is  to  restrict  to  a  minimum  the  light  falling  upon  the 
retinae,  and  to  give  the  rods  and  cones,  as  well  as  the  visual  purple, 
perfect  rest.  Light  falling  upon  the  eyes  not  only  entails  a  great 
deal  of  expenditure  of  nervous  and  muscular  energy,  but  it  also 
bleaches  the  visual  purple  or  rhodopsin  which  sensitises  the  rods. 
During  sleep  the  visual  nervous  and  muscular  apparatus  are  rested 
and  the  visual  purple  is  restored.  Hence  the  necessity  for  sleeping 
in  the  dark.  This  applies  with  special  force  to  children,  because  of 
their  greater  susceptibility  to  fatigue,  as  well  as  because,  on  account 
of  the  thinness  and  translucency  of  their  eyelids,  as  well  as  the 
absence  of  pigment  in  their  irides,  the  slightest  amount  of 
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illumination  in  their  night  nurseries  will  succeed  in  penetrating 
their  eyes. 

Corneal  and  Conjunctival  Reflexes .  —  The  corneal  reflex  is 
present  in  a  feeble  degree  at  birth.  In  infants  over  four  months  it 
is  only  possible  to  elicit  this  reflex  by  exercising  special  care,  since 
at  this  age  the  approach  of  the  finger  to  the  eye  brings  about  the 
usual  lid  reflex.  The  conjunctival  reflex  is  present  in  the  large 
majority  of  new-born  infants. 

For  Swallowing  Reflex  from  Cornea,  see  p.  570. 

For  Aschner’s  Reflex,  see  p.  583. 

4.  The  Choroid . — The  thickness  of  the  choroid  is  about  the 
same  in  the  infants  as  it  is  in  the  adult.  The  following  are  the 
measurements  1 


Age. 

Thickness. 

At  the  Optic  Nerve. 

At  Ciliary  Body. 

Birth 

0*062  mm. 

0*047  mm. 

11  months 

0*053  „ 

0*038  „ 

Adult  - 

0-1 

0*06  „ 

5.  The  Ciliary  Muscle. — Gamier  gives  the  following  table : — 


Age. 

Length.  Width. 

Birth  - 
4  years 

Adult  - 

TO  mm.  0*6  mm. 

2*6  „  0*5  „ 

3-6  „  0-6  „ 

Gundobin’s  measurements  give  the  length  of  the  ciliary  muscle 
at  birth  as  T9  mm.  and  thickness  as  0*269.  The  corresponding 
dimensions  in  the  adult,  according  to  the  same  observer,  being 
2*7  mm.  and  0*54  mm. 

Gamier  and  Gundobin  found  both  circular  and  longitudinal 
fibres  in  the  ciliary  muscle.2 

6.  The  Retina. — Merkel  and  Orr  found  the  retina  of  the  new¬ 
born  infant  to  be  somewhat  thinner  than  that  of  the  adult.  The 
layer  of  rods  and  cones  does  not  yet  reach  the  ora  serrata. 
The  total  number  of  cones  at  birth  is  3, 3 60, 000, 8  compared  with 

1  Gundobin,  op.  cit.,  p.  525.  2  Ibid. 

Salzer,  quoted  by  Piersol  in  Norris  and  Oliver’s  “  System  of  Diseases  of  the 
Eye,”  vol.  i.,  p.  303. 
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7,000,000  in  the  adult.1  As  the  internal  diameter  of  the  eyeball 
at  birth  is  16*6  mm.  and  that  in  the  adult  22*85  mm.  (see  p.  595), 
it  follows  that  the  surface  of  the  retina  at  birth  is  to  the  surface 
of  the  adult’s  retina  as  16*62  is  to  22'852,  i.e.,  approximately  as  1  :  2. 
Hence  it  follows  that  per  unit  area  of  retina  there  is  the  same 
number  of  cones  in  both  infant  and  adult.  The  ora  serrata  is  less 
pronounced  in  the  infant’s  eye.  Visual  purple  has  not  been  found 
in  the  eyes  of  new-born  infants  up  to  four  weeks  old  (Lange).2 
In  new-born  animals  the  occurrence  of  visual  purple  is  variable 
(Albertoni).3 

The  Fovea  Centralis. — According  to  Merkel  and  Orr,4  the  fovea 
is  situated  the  same  distance  from  the  centre  of  the  optic  disc  as 
in  the  adult.  In  other  words,  the  fovea  in  the  new-born  eye  is 
situated  more  externally  than  in  the  adult.  From  this  it  follows 
that,  if  the  relative  positions  of  the  discs  are  the  same  in  the  infant 
and  adult,  the  visual  axes  (/.<?.,  the  lines  between  the  centre  of  the 
cornea  and  the  corresponding  fovea)  are  not  parallel  as  they  are  in 
the  adult,  and  that,  therefore,  new-born  infants  should  not  possess 
binocular  fixation  without  marked  divergent  strabismus.  This  has 
been  found  by  Rahlmann  and  Witkowski 5  to  be  the  case.  On 
the  other  hand,  we  know  that  normal  infants  of  a  few  months  old 
do  use  their  maculae  for  fixation  without  presenting  a  divergent 
squint.  Hence  it  is  probable  that  it  is  the  disc  rather  than  the 
macula  that  occupies  a  different  angular  position  in  relation  to  the 
axis  of  the  globe.6  The  fovea  is  still  functionally  defective  at 
birth.  Merkel  and  Orr  have  further  shown  that  the  fovea  at  birth 
does  not  lie  in  the  same  horizontal  plane  as  the  centre  of  the 
optic  nerve,  but  below  it. 

The  region  of  the  fovea  is  entirely  occupied  by  cones,  and  in 
parts  of  the  retina  away  from  the  fovea  each  cone  becomes 
surrounded  by  one,  two,  three,  or  more  circles  of  rods,  the  number 
of  circles  varying  with  the  distance  of  that  part  of  the  retina  from 
the  fovea.  As  the  cones  are  more  sensitive  to  visual  impressions 
in  good  light  than  the  rods,  it  follows  that  the  region  of  the  fovea 
is  the  one  in  which  vision  is  most  distinct.  Hence  central  vision 
in  ordinary  light  is  much  clearer  than  lateral  vision.  On  the  other 
hand,  the  rods  being  more  sensitive  to  vision  in  dim  light,  peripheral 
vision  is  much  more  distinct  in  subdued  light  than  is  central  vision, 
In  certain  animals,  like  birds,  in  which  the  cones  are  less  confined 
to  the  fovea  than  in  man,  and  are  more  evenly  distributed  over  the 
whole  surface  of  the  retina,  lateral  vision  is  very  acute,  as  can  be 

1  K  rause,  ibid. 

2  Quoted  by  Vierordt. 

Centralbl.  f  d.  Mediz.  Wissensch .,  1880. 

4  “Anatom.  Heften,”  1882. 

5  Arch.  f.  Physiol.,  1877. 

u  See  Ophth.  Rev.,  xvii.,  1898,  p.  306. 
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seen  by  watching  a  bird  feeding  when  it  readily  sees  and  makes  a 
dash  for  some  outlying  particles.  Brudenell  Carter  1  believes  that 
the  sensitiveness  of  the  cones  in  the  peripheral  parts  of  the  retina 
can  be  increased  by  exercise,  and  advocates  the  training  of  the 
child’s  eye  for  lateral  vision  in  ordinary  light. 

7.  The  Optic  Nerve. — Berheimer2  has  shown  that  the  myelin 
sheath  of  this  nerve  manifests  itself  at  the  optic  chiasma  and  optic 
tract  in  the  thirtieth  foetal  week ;  that  it  is  not  found  in  the  orbital 
portion  of  the  optic  nerve  till  birth ;  and  that  it  does  not  attain  its 
full  thickness  till  the  age  of  one  year.  Flechsig  has  shown  that  in 
an  infant  born  at  eight  months  there  was  more  marked  myelination 
of  the  optic  nerve  one  month  later  than  in  a  new-born  infant  at 
full  term,  showing  that  optic  impressions  are  necessary  for  the 
development  of  vision. 

The  same  is  proved  by  Held’s  experiment,  in  which  an  animal 
that  is  born  blind  had  the  lids  of  one  eye  stitched  together,  and 
the  other  eye  exposed  to  light,  when  more  myelination  was 
subsequently  found  in  the  exposed  eye.  The  imperfect  myelination 
explains  the  absence  of  change  of  colour  at  the  optic  papilla  in  the 
new-born. 

Baratz  gives  the  following  measurements  of  the  diameter  of  the 
optic  nerve  : — 

At  birth  -  0*8  mm. 

At  1  year  -  -  -  T3  „ 

In  adult  -  1’4  ,, 

Physiological  Cupping  of  the  Disc. — The  existence  of  an  excava¬ 
tion  at  the  point  of  entry  of  the  optic  nerve  is  a  matter  of  some 
controversy.  Hernheiser  examined  ophthalmoscopically  the  discs 
of  2,000  infants  between  eight  and  fourteen  days  old,  and  failed 
to  find  any  cupping ;  on  the  other  hand,  Hippel,  Merkel  and  Orr, 
Lange,  and  Gundobin  have  found  it  even  at  .birth,  and  Seefelder 
has  seen  it  in  early  embryonic  stages,  thus  proving  that  the  cupping 
is  not  the  result  of  straining  due  to  accommodation. 

8.  The  Vitreous  is  quite  transparent  at  birth. 

9.  The  Anterior  Chamber  is  shallower  in  the  infant  on  account 
of  the  greater  thickness  of  the  lens  (see  p.  592). 

10.  The  Lens. — The  shape  of  the  lens  in  the  new-born  is 
approximately  but  not  quite  spherical.  The  radii  of  curvature  of 
the  anterior  and  posterior  surfaces  are  equal,  being  3 *3  mm.  in 
each  case.  In  the  adult  the  radii  of  curvature  of  the  corresponding 
surfaces  during  a  state  of  relaxed  accommodation  are  10  mm.  and 

1  Carter  and  Cheatle,  “Sight  and  Hearing  in  Childhood,”  London,  1903, 
p.  23. 

2  Quoted  by  Gundobin. 
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6  mm.  respectively.  The  thickness  of  the  lens  in  the  new-born 
is  5  mm.,  that  in  the  adult  being  only  3*6  mm.1  Its  trans¬ 
verse  diameter  at  birth  is  6'6  mm.,  as  against  9  mm.  in  the 
adult. 

In  virtue  of  its  greater  sphericity,  the  lens  in  the  new-born 
infant  protrudes  more  prominently  into,  and  diminishes  the  depth 
of,  the  anterior  chamber.  Indeed,  in  some  cases  the  anterior 
chamber  is  almost  entirely  obliterated.  Also  for  the  same  reason 
the  refractive  power  of  the  lens  must  be  greater  than  in  the  adult 
(assuming  that  the  refractive  index  is  the  same  in  both).  Jager2 
found  confirmatory  evidence  of  this  in  the  fact  that  examination  of 
1,000  infants  between  the  ages  of  nine  and  •sixteen  days  revealed 
some  degree  of  myopia  in  78  per  cent.  Similarly,  Elschnig 
observed  myopia  (varying  from  -  4D  to  -  7D)  in  infants  two  hours  to 
two  days  old.  All  recent  observers,  however,  are  agreed  that  true 
congenital  myopia  does  not  exist,  but  that,  on  the  contrary, 
72-100  per  cent,  of  very  young  infants  (according  to  the  estimate 
of  various  authorities)  show  some  degree  of  hypermetropia  (see 
table,  p.  593).  The  apparent  myopia  observed  by  Jager  and 
Elschnig  is  probably  due  to  spasm  of  the  ciliary  muscle,  since 
Elschnig  found  that  instillation  of  atropin  to  paralyse  accommodation 
changed  the  myopia  to  hypermetropia. 

Cause  of  Hypermetropia  in  Infants. 

The  infantile  hypermetropia  is  due  to  the  short  axis  of  the 
infant’s  eye  (viz.,  16 '6  mm.  instead  of  22*85  mm.  in  the  adult, 
see  p.  595).  Indeed,  Dieckmann 3  and  Axenfield4  have  shown 
mathematically  that  the  short  optic  axis  should  give  a  hypermetropia, 
not  of  2D  or  even  5D,  but  of  25-34D,  and  it  is  only  in  virtue  of  the 
greater  refractive  power  of  the  infant’s  lens  and  cornea  that  the 
hypermetropia  is  as  weak  as  it  is.  As  the  child  grows,  and  the 
optical  axis  increases  in  length,  the  degree  of  hypermetropia  must 
diminish.  This  is  seen  even  during  the  first  month  of  life.  Thus, 
Xvanoff  found  that  while  the  percentage  of  medium  degrees  of 
hypermetropia  (e.g.,  +  4D)  gradually  diminishes  from  birth  upwards, 
so  that  at  four  months  they  are  only  found  in  some  25  per  cent, 
of  cases,  and  degrees  higher  than  +4D  are  not  found  at  all  after 
the  third  month,  the  weaker  degrees  such  as  +1D  are  found  in 
only  32  per  cent,  of  new-born  infants,  but  in  as  many  as  62  per 
cent,  of  infants  four  months  old.  Congenital  emmetropia  is 
occasionally  found,  but  true  myopia  never. 

1  Baratz,  “The  Growth  and  Peculiarities  of  the  Eye  in  the  Infant”  (Russian), 
Inaug.  Dissert.,  St  Petersburg,  1902. 

2  “  Einstel.  d.  dioptr.  App. ,”  Wien,  1861. 

3  Dissert.,  Marburg,  1896.  * 

4  Zei/schr.  Phys.  u.  Psychol,  der  Sinnesorg. ,  xv.,  1897. 
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Refraction  in  Children 


Age. 

Observer. 

Number 
of  Cases. 

Hypermetropia 
(in  Diopters). 

At  birth 

Konigstein 

600 

2-3*25 

0-8  days 

- 

G.  Schleich 

300 

4*4 

0-12  hours 

- 

60 

4*2 

12-24  „ 

- 

5  5 

106 

4.4 

1-8  days 

- 

55 

134 

4*5 

4  hours-14  days 

- 

Germann 

220 

4*84 

1  month 

- 

5  ) 

•  •  • 

5*37 

2  months 

- 

55 

.  .  . 

3*30 

6  years  - 

- 

W.  Hansen 

60 

2*0 

10  „  - 

- 

n 

•  •  • 

1*75 

n  „  - 

- 

55 

... 

1*50 

12  „  - 

- 

? 5 

... 

1*00 

13  „  -  -  - 

- 

?  ? 

... 

1  *00 

14  „  -  -  - 

- 

55 

0-75 

The  Composition  of  the  Lens1  (without  the  Capsule) 


Water  - 

-  60*0 

Soluble  albumins  - 

-  35*0 

Insoluble  albumins 

2*5 

Fat  and  traces  of  cholesterol 

2*0 

Ash  - 

0*5 

100*0 

55 


>5 


55 


55 


55 


The  Percentage  of  Water  in,  and  the  Weight  of  the 
Fresh  Lens  at  Various  Ages  2 


Age  in  Years. 

•  Percentage 
of  Water. 

Weight 
in  Gm. 

3 

70*84 

0*149 

32 

70*60 

0*190 

35 

69*91 

0*199 

40 

70*50 

0*191 

63 

64*63 

0*223 

1  Kuhne,  “  Lehrb.  der  physiol.  Chemie.,”  1868,  704. 

2  Deutschmann,  Arch,  f  Ophthal. ,  xxv.,  Bd.  2,  Abt.,  1879,  p.  213. 
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Relation  between  Age,  Weight  of  Lens,  and  Power  of 

Accommodation  1 


Age  in  Years. 

Weight  of  Lens 
in  Gm. 

Accommodation 
(in  Diopters). 

At  birth 

0T2 

10  years 

0T6 

14 

25  „ 

049 

8*5 

45  „  -  - 

0-22 

4*0 

65  „ 

0-25 

0*5 

80  „  - 

0*26 

0*0 

Diameter  of  Fcetal  Eyes  and  their  Lenses 


Age. 

Diameter  of  Eyeball. 

Diameter  of  Lens. 

Antero- 

Posterior. 

Lateral. 

Vertical. 

Antero- 

Posterior. 

Transverse. 

mm. 

mm. 

mm. 

mm. 

mm. 

4  months 

8*1 

7*8 

7*8 

2*8 

3*3 

5  „ 

11*75 

11-5 

11*5 

3*5 

4 

6  „ 

12*5 

12 

11*1 

3*8 

4*5 

7  „ 

14*3 

13*2 

12*6 

4 

5 

9  ,,  (birth) 

16-75 

16 

15*3 

4*3 

5*75 

Adult 

24*3 

23*6 

23*4 

3*7 

9 

The  last  table  shows  that  during  foetal  life  the  diameter  of  the 
lens  is  much  larger  in  proportion  to  the  eyeball  than  afterwards. 

The  lens  is  composed  of  successive  layers,  whose  index  of 
refraction  in  the  adult  increases  towards  the  centre.  In  the  infant 
at  birth,  however,  Aubert  found  that  all  the  lenticular  layers  have 
the  same  refractive  index,  viz.,  T3967.  At  the  age  of  two  years 
the  difference  in  the  refractive  index  between  the  various  layers 
already  becomes  manifest  (Woinoff).  Both  the  lens  and  vitreous 
are  quite  transparent  at  birth,  a  fact  which  accounts  for  the  greater 
visual  acuity  of  infants. 


1  W.  J.  Collins,  Brit.  Med.  Journ. ,  vol.  ii. ,  1905,  p.  1442. 
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Optic  Axis  (i.e.,  the  Internal  Antero-Posterior  Diameter) 

(Weiss) 


Length 

in 

new-born 

- 

— 16‘6 

mm. 

55 

at 

1  month  - 

- 

-  =17 

55 

55 

5  5* 

2  months 

- 

=  17-5 

5  5 

5  5 

55 

3 

- 

=  18 

55 

55 

5  5 

6 

■  - 

=  18-6 

55 

55 

55 

1  year 

- 

=  19-5 

55 

55 

55 

14  years  - 

- 

=  20-3 

55 

5  5 

55 

3^  „ 

- 

-  =21 

55 

55 

55 

14  „ 

- 

=  22-3 

55 

55 

in 

adult 

- 

-  =22-85 

55 

SECTION  II 

The  Eye  as  an  Optical  Instrument. 

Galen,  in  the  second  century,  in  introducing  this  part  of  the 
subject,  says,  “  I  had  rather  not  describe  it  at  all,  so  that  neither 
the  difficulty  of  the  explanation  nor  its  length  might  cause  me  to 
be  hated.  For  in  connection  with  this  matter  I  must  touch  upon 
mathematical  theory — an  unknown  subject  to  the  majority  of 
educated  persons,  and  one  which  makes  even  adepts  therein 
hated  and  unacceptable.”1  The  interval  of  1,800  years  that  has 
elapsed  since  the  time  of  this  Roman  physician  and  philosopher 
has  not  made  a  description  of  the  subject  any  simpler  or  any  more 
attractive  to  the  general  physiologist,  but  I  have  included  a  few 
mathematical  formulae  in  connection  with  the  eye,  in  order  to 
render  comparison  between  the  eye  of  the  infant  and  that  of  the 
adult  as  complete  as  possible. 

Collecting  the  data  already  given  we  have  the  table  shown 
on  p.  596. 

The  Cardinal  Points. 

If  an  object  is  placed  in  front  of  a  refracting  surface  of 
negligible  thickness  then  the  distance  of  the  image  may  be  cal¬ 
culated  from  the  formula  : — 

[X  1  _  /x  —  1 

V  u  r 

Where  u  =  distance  of  object  from  the  refracting  surface, 
v=  „  image  ,,  „ 

/x  =  index  of  refraction  of  the  refracting  medium,  and 
r  =  radius  of  curvature  ,,  surface. 

1  Galen,  “  Anatomy  and  Physiology  of  the  Eye;,”  Chap.  II. 
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The  Optical  Constants  of  the  Eye  in  the  Infant  and  Adult 


* 

Adult. 

New-born. 

mm. 

mm. 

Radius  of  curvature  of  anterior  surface 

-7-829 

-7-4 

of  cornea 

Index  of  refraction  (/x)  of  cornea  and 

1*3365 

1*3.365 

aqueous  humour 

Radius  of  curvature  of  anterior  surface 

-10-0 

-3*3 

of  lens  (jq) 

Radius  of  curvature  of  posterior  surface 

6-0 

3*3 

of  lens  (V2) 

Thickness  of  lens  (/)  - 

3-6 

5 

Index  of  refraction  of  lens  (/xx) 

Depth  of  anterior  chamber  - 

1-4371 

1*4371 

3-60 

Less 

Distance  from  anterior  surface  of  cornea 

7-20 

.  .  • 

to  posterior  surface  of  lens 

Optical  axis  ----- 

22-85 

16-6 

If  we  had  to  calculate  the  distance  of  the  image  after  refraction 
at  several  surfaces  of  different  curvatures,  refractive  indices,  and 


Fig.  123. — The  position  of  the  Cardinal  Points  in  the  Schematic  Eye 

(Starling,  after  Helmholtz). 


F„  Anterior  focus  ;  F,„  Posterior  focus.;  h,  h,n  Principal  points  ; 
K,  K,„  Nodal  points. 


distances  from  one  another,  then  one ’would  have  to  find  the 
value  of  v  after  refraction  at  the  first  surface,  and  then  regarding 
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this  as  the  position  of  the  object  for  the  second  refracting  surface, 
find  the  situation  of  the  image  formed  by  it  and  so  on.  This,  in 
the  case  of  a  dioptric  system  of  several  refracting  surfaces,  like  the 
eye,  would  become  a  very  tedious  and  wearisome  process,  but  the 
investigations  of  Gauss  and  Listing  have  very  much  reduced 
the  labour  of  such  work.  These  mathematicians  have  shown  that 
in  every  dioptric  system  there  exist  three  pairs  of  points  situated 
upon  the  axis,  by  the  aid  of  which  it  is  easy  to  find  the  distance 
of  image  as  well  as  its  size,  when  the  distance  and  size  of  the 
object  from  the  first  refracting  surface  are  known.  These  points, 
viz.,  two  principal  points,  two  principal  foci,  and  two  nodal  points, 
are  called  the  cardinal  points. 

From  the  constants  in  the  above  table  we  can  calculate  the 
cardinal  points  of  the  eye  in  the  adult  and  infant  as  follows  (see 
Fig.  123)  : — 

If /  —  first  focal  distance  of  any  refracting  surface,  then  we  know 


from  elementary  optics  that 


1 

/, 


where  /x  =  index  of  refraction 


and  r  —  radius  of  curvature. 


Similarly  for  the  second  focal  distance  we  have — 


f  _  \ir 
0  2  7* 

/X  -  I 

Hence  in  the  case  of  the  cornea  we  have- 


7-829 


=  23*266  mm. 


First  (For  adult,// 
focal  < 

distance  I  And  for  infant,  /'  =  —  22-075  mm 


Second  (For  adult,/ 
focal 


0-3365 
7-4_ 

~  0-3365 
fir  1-3365  x(  -7*829) 


/X  —  1 

distance  I  And  for  infant,/" 


0-3365 

1*3365  x  (  -  7-4)  _ 
0G365 

In  the  case  of  the  lens  we  have — 


-  31  095  mm. 
29*415  mm. 


First 

focal 

distance 


In  adult,  f  = 
In  infant,  /' 


For  Anterior  Surface 

firx  1*3365  x(  — 10)  „0  QK 

-  - F— — 132-85  mm 


fix-fi  1-4371 
1*3365  x( 


1-3365 

) 


3*3 


1-4371 


1-3365 


=  44-283  mm. 


Second  In  adult, //  = 
focal  \ 

distance  In  infant,// 


tixrx  _  1-4371  x  (  -  10) 
//,  //  FI371  -  1  -3365 

1*437  x  (-3-3) 

=  1-4371- 1-3365 


142-853  mm. 
47*617  mm. 
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First  In  adult,  // 
focal  < 

distance  ( In  infant ,/2' 


For  Posterior  Surface 


/V9 

[i  —  [i 1 


1*4371  x  (6) 

'  1*3365  -  14371 = 
1*4371  x  3*3 


85*712  mm. 


1*3365  -  1*4371 


=  47*1414  mm. 


Second  ( In  adult,  ff  =  ‘ar~2  - 
focal  <  ^  ~  /xi 

distance  j  In  infant,  ff 


1*3365  x  6 
1*3365  -1*4371 
1*3365  x  3*3 
1*3365-1*4371 


-  79*712  mm. 

-  43*842  mm. 


The  Principal  Points. — These  have  the  following  property: — 

When  an  incident  ray  (produced  if  necessary)  passes  through 
the  first  principal  point  of  a  dioptric  system  (formed  by  a  number 
of  media  bounded  by  centred  spherical  surfaces),  the  corresponding 
emergent  ray  (produced  if  necessary)  passes  through  the  second 
principal  point,  but  the  incident  and  emergent  rays  are  not 
necessarily  parallel  to  each  other.  Each  principal  point  is  the 
image  of  the  other. 

The  principal  point  of  the  cornea  is  on  its  surface  at  the  point 
of  intersection  with  the  optic  axis. 

The  principal  points  of  the  lens  can  be  found  from  the  formulae 


HA 


ft* 


*  +/i"  -/: 


/5 


H0Af 


where  H1A1  =  distance  of  first  principal  point  from  the  anterior 
surface  of  the  lens,  t=  thickness  of  lens,  and  H A.,  =  distance  of 
second  principal  point  from  the  posterior  surface  of  the  lens. 


In  the  adult,  HjA^ 


132*85  x  3*6 

3*6  -  142*8528  -  85*7117 


-  2*126  mm. 


In  the  infant,  H1A1  =  - —  ^7^  -  =  -  2*466  mm. 

1  1  5-47*617-47*1414 

.*.  In  the  adult,  FI,A2  =  6  =  1*27558  mm. 


In  the  infant,  H0A9  = 


-  43*842  X  5 
-89*758 


2*353 


mm. 


If  f  and  f'  be  the  principal  focal  distances  of  the  lens  measured 
from  Hx  and  H2  then  we  have — 


.*.  In  the  adult,  <fi  = 


(li  —  — 

t+ft-fi 

-  132-85  x  (85-712)  Kn,.,„ 

- - =  50*617  mm. 

224*965 
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In  the  infant,  </>'  = 


-  44-283  x  (47*1414)  0Q  orQ 
- r MW - ^23-253  mm. 


t"- 


fifi 


ft  r  ft 

J 2 

//  r  t' 


.-.  In  adult,  </>" 
In  the  infant,  (/>' 


142-85  x  (-79*712)  -n 

v  7  —  -50-617  mm. 


-  224-9646 


47-617  x  (-43-842)  0o.9ko 
- - -=  -23*258  mm. 

89*758 


The  Nodal  Points. — These  are  two  points  which  possess  the 
peculiar  property  that  an  incident  ray  passing  through  the  first 
nodal  point  emerges  (after  refraction)  from  the  second  nodal 
point  in  a  direction  parallel  to  that  of  the  incident  ray.  In  the 
case  of  the  lens  the  nodal  points  coincide  with  the  principal  points. 
The  two  nodal  points  together  of  a  dioptric  system  correspond  to 
the  optical  centre  of  a  thin  lens. 


Cardinal  Points  of  the  Eye  as  a  Whole. 

In  order  to  be  able  to  calculate  the  cardinal  points  of  the 
dioptric  system  of  which  the  eye  is  composed,  it  is  necessary  to 
know  the  depth  of  the  anterior  chamber.  This  is  unknown  in  the 
infant,  but  in  the  adult  it  is  3*6  mm. 

The  following  are  the  cardinal  points  of  the  adult’s  eye : — 

First  principal  point  is  situated  1*7531  mm.  behind  the  cornea. 
Second  ,,  ,,  2-1097  ,,  ,,  ,, 

First  principal  focus  is  situated  13*7452  ,,  in  front  of  the  cornea. 
Second  ,,  ,,  22-8232  ,,  behind  the  cornea. 

First  nodal  point  is  situated  6*9683  ,,  ,,  ,, 

Second  ,,  ,,  7*3248  ,,  „  ,, 


For  the  infant’s  eye  these  distances  cannot  be  ascertained. 


The  Muscle  of  the  Eyeball. 

According  to  Schneller,1  the  external  and  internal  recti  are 
shorter,  narrower,  and  thinner  in  the  new-born  than  in  the  adult, 
and,  according  to  Weiss,2  the  four  recti  are  inserted  7  mm.  nearer 
the  optic  disc. 

The  following  table  2  gives  the  dimensions  of  the  ocular  muscles 
at  birth  and  in  the  adult : — 


1  Graefe’s  Arch.  f.  Ophthal . ,  47,  1899. 

2  “  Anat.,”  Hefte  Erste,  Abt.,  8,  1897. 

:!  Modified  from  Vierordt,  “  Daten  und  Tabellen,”  p.  107. 
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Superior 

Rectus. 

Inferior 

Rectus. 

Internal 

Rectus. 

External 

Rectus. 

Superior 

Oblique. 

Inferior 

Oblique. 

Length  (adult) 

4L8 

40-0 

40-8 

40-6 

38-2 

34-5  : 

,,  (at  birth) 

- 

.  .  . 

28 

3T6 

.  .  . 

Width  (adult) 

- 

10-75 

10-35 

10-76 

9-67 

10-15 

9-55 

,,  (at  birth) 

- 

6-95 

6-25 

7-35 

5-85 

6-4 

6-5 

Cross-section  in 

sq. 

mm.  (adult) 

1L.34 

15-85 

17-39 

16-73 

8-36 

7-89 

Cross-section  in 

sq. 

mm.  (at  birth) 

.  .  . 

•  .  . 

10-27 

8-625 

.  .  . 

... 

Volume  (adult) 

in 

cub.  mm. 

— 

. . . 

. . . 

278-6 

272-55 

. . . 

Muscle  Balance  and  Fusion  in  Faculty. 

In  certain  lower  animals  like  fishes,  rabbits,  etc.,  the  eyes  are 
placed  laterally,  and  vision  in  them  is,  therefore,  monocular.  In 
higher  vertebrates,  and  especially  in  man,  the  eyes  are  placed  in 
front  and  vision  is  binocular.  The  reason  that  we  do  not  see 
double  is  that  the  balanced  action  of  the  ocular  muscles  moves 
the  eyes  into  such  positions  that  the  external  objects  are  constantly 
focussed  either  on  the  fovese  (e.g. ,  when  we  look  straight  ahead)  or 
on  other  “  corresponding  points  ”  of  the  two  retinal  (i.e.,  points 
equidistant  from  the  fovete  and  in  the  same  field  of  vision).  The 
two  images  of  the  same  object  are  then  fused  in  the  brain  into  one. 
When  for  any  reason  the  action  of  the  ocular  muscles  is  thrown 
out  of  balance,  squinting  with  diplopia  or  double  vision  occurs 
until  the  brain  learns,  after  constant  practice,  to  disregard  the 
image  formed  on  the  retina  of  the  squinting  eye.  In  new-born 
infants,  in  whom  the  visual  centres  are  imperfectly  developed,  the 
faculty  of  fusion  is  absent,  muscle  balance  is  thrown  out  of  action, 
and  squinting  occurs.  This  is  especially  the  case  in  premature 
infants.  At  the  age  of  about  three  or  four  weeks  binocular  fixation 
with  fusion  occurs,  but  is  still  unstable,  and  hence  the  slightest 
irritation,  such  as  trifling  digestive  disturbance,  etc.,  is  enough  to 
upset  the  balance  and  to  cause  the  baby  to  squint.  Very  slight  eye- 
strain  during  a  febrile  ailment  may  cause  a  squint  in  an  older  child, 
especially  if  it  has  an  hereditary  tendency  to  squinting  or  nervous 
instability.  This  explains  why,  of  two  children  with  the  same  degree 
of  refraction  error,  one  will  develop  a  squint  and  the  other  will  not. 

Squint  or  Strabismus  in  Older  Children  as  the  Result  of  Errors 
of  Refraction. 

When  we  look  at  distant  objects  the  axes  of  the  two  eyes  are 
parallel,  due  to  the  action  of  the  external  recti  muscles.  In  the 
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process  of  accommodation  for  near  objects,  convergence  of  the 
eyeballs  occurs  as  the  result  of  over-action  of  the  internal  recti 
muscles.  In  children  in  whom  the  fusion  faculty  is  still  weak,  any 
error  of  refraction  is  liable  to  result  in  strabismus.  Thus  in 
cases  of  hypermetropia,  accommodation  with  consequent  con¬ 
vergence  is  necessary  even  for  distance,  and  there  will,  therefore, 
be  constant  over-action  of  the  internal  rectus  of  the  more  defective 
eye,  resulting  in  internal  or  convergent  strabismus.  In  myopia, 
the  over-action  of  the  external  rectus  of  the  more  defective  eye 
will  deviate  the  eye  externally,  giving  rise  to  external  or  divergent 
squint.  Such  convergent  or  divergent  strabismus  is  in  the  early 
stages  curable  by  proper  lenses. 

Strabismus  may  Lead  to  Blindness  of  the  Squinting  Eye. — 

Suppose  that  the  right  eye  is  hypermetropic  to  the  extent  of  two 
diopters,  whilst  the  left  eye  is  four  diopters 
hypermetropic,  then  on  looking  at  a  distant 
object  the  right  eye  will  require  a  smaller 
muscular  effort  to  accommodate  it  to  see  an 
object  than  would  be  required  by  the  left  eye, 
so  that  as  soon  as  the  child  is  able  to  see 
the  object  with  the  right  or  less  defective  eye, 
the  accommodation  is  arrested  in  the  left  or 
more  defective  one.  The  result  of  this  is  that 
the  retina  of  the  left  (or  more  defective)  eye 
never  receives  clear  images,  and  the  child  ceases 
to  employ  that  eye  for  vision.  This  habitual 
unemployment  leads  to  further  deterioration  of 
sight  and  ultimate  blindness  of  that  eye.  Hence 
it  follows  that  a  squinting  eye  must  be  corrected 
with  glasses  as  early  as  possible  in  infancy,  and 
in  addition  it  must  be  constantly  exercised  by 
covering  up  the  less  defective  eye,  or  putting 
atropine  into  it  to  paralyse  its  accommodation  for  a  few  weeks. 
If  the  squint  is  left  unremedied  for  a  few  years,  then  the  only  way 
to  cure  it  is  by  operation,  i.e.,  by  shortening  the  lengthened  tendon 
and  lengthening  the  contracted  one. 

Distance  between  the  Two  Eyeballs. 

The  average  facial  distance  between  the  two  orbital  axes  in 
adults  is  62  mm.  At  birth  it  is  37-38  mm.  In  children  between 
seven  and  seventeen  years  old  it  varies  between  54  mm.  and 
61  mm.  It  is  in  virtue  of  this  interaxial  distance  that  the  images 
of  a  solid  object  on  the  two  retinas  are  not  exactly  symmetrical. 
The  fusion  of  these  somewhat  asymmetrical  images  in  the  brain 
gives  rise  to  judgment  of  solidity. 

The  interaxial  distance  is  a  measurement  of  considerable 
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practical  importance ,  from  the  point  of  view  of  the  correction  of 
diplopia  by  prisms.  Thus,  suppose  OOj  (Fig.  124)  to  be  the 
distance  between  the  two  eyes,  and  B  an  object  situated  in  the 
middle  line  MB  at  1  metre  distance  from  each  eye  (/.£.,  BO  or 
BOj  =  1  metre).  OA  and  OAt  are  the  parallel  fixation  lines  when 
the  eyes  are  looking  at  a  very  distant  object.  Then  when  the  eyes 
are  turned  to  look  at  B  the  angle  of  convergence  which  each  eye 
undergoes  =  AOB  =  A]0]B. 

But  AjOjB  =  MBOj  =  Sin-1  Mgl  =  Sin'1 422}. 

B01  BO] 

Hence,  the  angle  of  convergence  varies  directly  as  the  interaxial 
distance,  and  inversely  as  the  distance  of  the  object. 

In  an  adult  MO]  =  32  mm.,  and 


Sin  _1  =  Sin-1 


BOj 


32 

1000 


=  r.  50'.  r 


and 


In  an  infant  with  an  interaxial  distance  of  40  mm.  MO,  =  20  mm., 
•  Sin-1  —  Sin-1  ^  -1°  42" 

bo7  Tooo  “ 1  ^ '  4 


Suppose  that  when  the  eyes  are  directed  to  an  object  Bx 
\  metre  away,  the  power  of  convergence  is  lost ;  the  person 
would  see  double,  but  his  diplopia  can  be  corrected  by  putting 
a  prism  (edge  outwards)  in  front  of  each  eye,  the  deviating  angle  of 
which  is  such  as  to  make  the  incident  light  appear  to  come  from 
B  instead  of  from  Br  The  angle  of  such  a  prism  is  approximately — 


Sin"1  -  Sin"1 =  Sin"1 


3MO, 


BA 


BO! 


o-  -i  YD] 

Sm  bo; 


^Sirr1  22I°1  =  2  Sin"1 


BO, 

,  MO, 

BO!  BO/ 

Hence,  in  the  case  of  the  adult  the  angle  of  the  prism 
40',  and  in  the  case  of  the  child  the  angle  of  the 
prism  =  2  deg.,  17  ft.  14  in. 

Hence,  although  the  object  which  is  seen  double  is  situated 
the  same  distance  from  the  eyes  in  each  case,  the  strength  of 
the  prism  required  to  correct  the  diplopia  is  less  in  the  child  than 
in  the  adult. 


3 


The  angle  MBO,  is  called  1  metre  angle  or  1  m.a.  ;  the  angle  MlfiCfi  is 
called  3  metre  angles  or  3  m.a.,  and  so  on.  Hence  the  adducting  prism 
in  the  above  case  must  have  a  deviating  angle  of  2  m.a.  The  value  of 
1  m.a.  is,  however,  not  the  same  in  the  adult  and  child,  but  varies  with  the 
interaxial  distance. 

The  Range  of  Accommodation  and  the  Distance  of  the  Near  Point 
(or  Punctum  Proximum)  at  Various  Ages.  — The  distance  of  the 
near  point  obviously  depends  on  the  range  of  accommodation,  and 
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hence  the  younger  the  child  and  the  greater  the  range  of  the 
accommodation,  the  smaller  is  the  distance  of  the  near  point. 


Age  in  Years. 

Range  of 
Accommodation. 

Distance 
Near  Poii 

D. 

cm. 

5 

m 

6 

8 

15 

... 

10 

14 

7-6 

15 

12 

9 

20 

10 

10-5 

30 

7 

13 

35 

5*5 

16 

40 

4-5 

19 

45 

3-5 

22 

50 

2-5 

28 

60 

1 

66-5 

70 

0-25 

•  •  • 

75 

0 

The  greater  power  of  accommodation  possessed  by  the  child  is 
due  to  the  greater  contractility  of  its  ciliary  muscle,  as  well  as, 
and  more  especially  to,  the  greater  softness  and  elasticity  of 
its  lens.  For  these  reasons,  slight  errors  of  refraction  may  easily 
be  overlooked  in  young  children. 

The  Duration  of  the  Act  of  Accommodation  is,  according  to 
Vierordt,  shorter  in  the  child  than  in  the  adult.  In  the  latter,  it 
lasts  between  0*20  and  IT 8  sec.  from  distant  to  near  vision,  and 
0T 5-084  sec.  in  the  opposite  direction. 


SECTION  III 

Vision  in  the  Child. 

The  act  of  seeing  depends  upon  good  development  of  the  brain 
and  eye.  In  infants  at  birth  the  brain  is  rudimentary,  and 
hence  any  movement  of  an  infant’s  eye  in  the  direction  of  light 
must  be  reflex  rather  than  psychical.  Hence,  also,  winking  which 
is  caused  by  retinal  fatigue  is  not  yet  pronounced  in  new-born 
infants.  If  optic  impressions  are  missing,  e.g.,  in  congenital  optic 
atrophy,  not  only  will  vision  be  absent,  but  the  correlated  cerebral 
tracts  will  fail  to  develop.  Similarly,  in  congenital  cataract,  these 
tracts  will  develop  more  slowly. 
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Binocular  Fixation. — The  age  at  which  binocular  fixation  first  occurs 
has  been  variously  given  by  different  authorities.  According  to 
Donders,  this  takes  place  immediately  after  birth ;  according  to 
Cuignet,  fixation  does  not  take  place  before  the  eighth  day ;  whilst, 
according  to  Kussmaul,  the  age  of  its  first  occurrence  is  as  late  as 
the  third  to  the  sixth  week. 

Visual  Acuity. —  Infants  have  a  high  visual  acuity,  which 
gradually  diminishes  with  growth.  Fellenberg  gives  the  angle  of 
distinct  vision  at  the  ages  of  ten  and  fifteen  years  as  forty-one  and 
forty-three  seconds  respectively,  corresponding  to  a  retinal  image 
of  0*0155  mm.  and  0*0191  mm.  respectively.  In  adults  it  is  sixty 
to  ninety  seconds,  although  the  minimum  visual  angle  is  twenty- 
six  and  a  half  seconds.  This  greater  acuity  is  due  to  the 
clearness  and  transparency  of  the  media  of  the  child’s  eyes,  and 
partly  to  the  greater  excitability  of  its  retina. 

Children  can  see  well  in  subdued  lights,  possibly  because  their 
rods  are  more  sensitive,  a  peculiarity  which  disappears  as  they 
grow  older. 

The  Intra-ocular  Pressure,  as  measured  by  Schiotz’s  tonometer, 
is  18  mm.  in  children  and  between  20  and  30  mm.  in  adults. 

Colour  Vision. — The  colour  sense  is  only  feebly  developed  in 
early  childhood,  but  children  probably  distinguish  grades  of  light 
and  shade  rather  well.  Red  colours  seem  to  make  the  most 
pleasant  impression.  Preyer  found  colour  to  cause  pleasure  in  an 
infant  one  month  old.  Roselli 1  examined  the  colour  vision  of 
children  between  four  and  twelve  years  of  age,  and  came  to  the 
following  conclusions  : — 

1.  The  smaller  the  child  the  more  probable  the  colour  deficiency 
(even  if  the  child  can  explain  its  sensations). 

2.  The  less  the  general  intelligence  of  the  child  the  greater  is 
the  colour  deficiency.  Thus  weak-minded  children  acquire  colour 
distinction  very  late,  or  not  at  all.  Hence,  if  a  child  at  school  age 
cannot  distinguish  between  black  and  red,  it  may  be  taken  as  a  case 
of  mental  deficiency.  On  the  other  hand,  the  ability  of  such  a 
child  to  distinguish  brown,  grey,  etc.,  “  is  a  proof  of  superior 
intelligence  ”  (Schaefer). 

3.  Colour  vision  develops  earlier  in  girls  than  in  boys,  possibly 
because  their  dresses,  etc.,  display  more  diversity  of  colour. 

4.  Red  and  violet  are  much  less  often  unperceived  or  mis¬ 
interpreted  than  green. 

5.  Education  in  colours  and  shades  of  colour  should  begin  at 
an  early  age  in  all  children,  since  this  improves  colour  knowledge, 
even  in  daltonism.  In  this  respect,  Roselli  undoubtedly  goes  too 
far,  since  daltonism  is  a  congenital  abnormality  which  is  incurable. 

The  Colour  Faculty  is  Congenital. — This  is  proved  by  the  fact 
1  Quoted  by  Ophth .  Review ,  xxii.,  1903,  p.  210. 


VISION  605 

that  when  a  congenitally  blind  eye  is  successfully  operated  upon,  it 
is  immediately  able  to  distinguish  colours  like  the  normal  eye. 

Visual  Judgments. 

Size  and  Solidity. — The  infant  acquires  the  faculty  of  judging 
size  and  solidity  by  the  aid  of  touch.  That  this  is  so  is  proved 
by  the  cases  of  blindness  in  whom  vision  was  restored  by  operation 
during  adult  life;  they  could  only  recognise  various  objects  by 
touching  them  first. 

Distance. — The  size  of  the  retinal  image  formed  by  any  external 
object  varies  directly  as  the  size  of  the  object,  and  inversely  as 
its  distance  from  the  eye.  Hence,  the  size  of  the  retinal  image, 
even  when  aided  by  touch,  is  at  first  no  guide  to  the  actual  size 
of  the  object,  unless  information  is  gained  by  the  child  of  the 
distance  of  that  object  from  its  eyes.  This  it  learns  first  from  the 
distance  it  has  to  walk  or  to  stretch  out  its  hand  in  order  to  reach 
it,  and  after  that  it  compares  this  distance  with  the  amount  of 
effort  exerted  by  the  ocular  muscles  to  fix  that  object.  When  it 
has  learned  that,  the  child  is  able  to  judge  distance  by  the  ocular 
muscle  sense  alone. 

The  combination  of  the  tactile  and  ocular  muscle  senses 
enables  the  child  to  compare  the  sizes  of  objects  situated  at 
different  distances. 

Normal  and  Defective  Vision. 

Emmetropia. — From  what  has  already  been  said  it  will  be  seen 
that  a  normal  eye  is  one  in  which  a  clear  image  of  distant  objects 
is  thrown  upon  the  retina.  This  means  that  not  only  must  the 
optic  nerve  and  retina  be  healthy,  and  the  refractive  media  clear 
and  of  normal  curvature  and  refractive  index,  but  the  eyeball 
must  be  of  the  normal  shape  and  proportions,  i.e .,  the  focal  length 
of  the  lens  when  at  rest  must  be  exactly  equal  to  the  distance  of 
the  layer  of  rods  and  cones  in  the  retina  from  the  posterior  surface 
of  the  lens,  or  more  exactly  from  the  second  nodal  point  of  the  eye. 
Such  a  condition  is  called  Emmetropia  ( i.e .,  “  well-proportioned  or 
moulded  eye  ”). 

Ametropia. — If  there  is  a  disproportion  between  the  focal 
length  of  the  lens  and  the  axial  length  of  the  portion  of  the  eye 
posterior  to  the  lens,  the  image  formed  on  the  retina  will  be 
blurred  and  indistinct.  Such  a  condition  is  called  Ametropia  ( i.e ., 
“  disproportioned  eye  ”).  Ametropia  may  be  of  three  kinds,  viz. : — 

1.  Hypermetropia  (i.e.,  “over-moulded  eye  ”),  when  the  eye  is 
too  short  or  flat  from  front  to  back.  The  focus  of  the  lens  will 
then  be  situated  behind  the  retina.  Such  an  eye  cannot  see  either 
distant  or  near  objects  clearly  without  increasing  the  refractive 
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power  of  the  lens  by  accommodation,  and  requires  a  convex  lens 
in  order  to  converge  the  parallel  rays  and  bring  them  to  a  focus  on 
the  retina. 

2.  Myopia  {i.e.,  “  closed  eye  ”),  when  the  eye  is  too  long  from 
front  to  back,  and  images  of  distant  objects  are  formed  in  front 
of  the  retina.  In  order  to  see  distant  objects  clearly  the  child 
partially  closes  his  eyes  ( myopia ),  and  practically  converts  them 
into  pin-hole  cameras.  Such  an  eye  requires  a  concave  lens  in 
order  to  diverge  the  incident  rays  and  bring  them  to  a  focus  on 
the  retina.  Certain  cases  of  myopia  tend  to  become  gradually 
worse  (  =  progressive  myopia). 

3.  Astigmatism  ( i.e .,  “  no  point,”  or  “  no  focus  ”).  If  the 
cornea  or  lens  (generally  the  former)  has  an  irregular  curvature, 
so  that  it  is  more  curved  in  one  meridian  than  in  another,  then  it 
is  impossible  for  the  eye  to  get  a  perfect  focus  under  any 
circumstances.  This  condition  was  discovered  in  his  own  eye 
by  Dr  Thomas  Young,  of  St  George’s  Hospital  (the  first  decipherer 
of  Egyptian  hieroglyphics  and  the  originator  of  the  undulatory 
theory  of  light),  in  1790,  when  he  found  that  he  was  more  short¬ 
sighted  for  horizontal  lines  than  for  vertical  ones.  It  requires  for 
its  correction  a  lens  which  is  more  curved  in  one  direction  than 
another,  i.e.,  either  a  cylindrical  lens  in  cases  in  which  one 
meridian  is  of  normal  curvature,  or  a  combination  of  spherical 
and  cylindrical  lenses  in  which  neither  of  the  meridians  is  of 
normal  curvature. 

Other  Causes  of  Ametropia. — Although  we  spoke  of  myopia  and  hyper- 
metropia  as  due  to  elongation  or  shortening  respectively  of  the  optical  axis  of  the 
eye,  this  is  not  the  only  cause.  It  is,  however,  by  far  the  commonest  cause. 
The  conditions  which  may  theoretically  cause  short  sight  or  long  sight  may  be 
classified  as  follows  : — 

(a)  Abnormal  length  or  shortness  of  eye  =  axial  myopia  or  hypermetropia 
(commonest). 

(b)  Abnormal  curvature  of  the  refracting  surfaces  =  curvature  myopia  or 
hypermetropia. 

(i.)  Excessive  or  diminished  curvature  of  the  cornea  (see  p.  587). 

(ii.)  Excessive  or  diminished  curvature  of  the  lens  surfaces.  Curvature 
myopia  is  most  common  in  astigmatism. 

(c)  Abnormal  refractive  index  of  media  — index  myopia  or  hypermetropia. 

(i.)  Increased  index  of  cornea,  aqueous,  or  lens  (e.g. ,  in  cataract). 

(ii.)  Increased  or  diminished  index  of  vitreous. 

( d )  Abnormal  position  of  the  lens  ( e.g .,  displacement). 

(. e )  A  combination  of  the  above. 

School  Myopia. — The  question  of  short-sightedness  in  children 
is  as  important  from  the  point  of  view  of  school  hygiene  as  the 
mode  of  its  production  is  obscure.  We  have  seen  that  while 
hypermetropia  is  a  congenital  defect,  myopia  never  occurs  at 
birth,  but  comes  post-natally  as  the  result  of  the  elongation  of  the 
eyeball,  due  to  a  gradual  yielding  of  its  coats.  This  much  is 
certain  ;  but  when  we  come  to  consider  why  the  coats  should  yield 
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in  some  children  and  not  in  others,  we  begin  to  tread  on  debatable 
ground.  The  most  prevalent  theory  is  that  the  myopia  is  originated 
and  increased  by  near  work  in  children  predisposed  to  short  sight 
by  heredity.  It  is  thought  that  either  the  convergence  of  the  eyes 
occurring  in  near  vision  brings  about  compression  of  the  globe  by 
the  ocular  muscles,  thus  leading  to  its  elongation  in  the  antero¬ 
posterior  diameter,  or  that  during  the  stooping  posture  assumed 
when  looking  at  near  objects,  the  eye  falls  forward,  and  the  drag 
of  the  optic  nerve  on  the  back  of  the  globe  brings  about  its 
elongation.  This  theory,  based  as  it  is  almost  entirely  on  statistical 
data,  hardly  comes  within  the  scope  of  a  book  on  physiology, 
but  owing  to  its  great  practical  importance  it  will  be  profitable  to 
devote  a  little  space  to  a  discussion  of  the  evidence  upon  which 
the  theory  is  founded.  The  importance  of  the  subject  lies  in  the 
fact  that  on  the  strength  of  this  hypothesis  special  schools  have 
been  provided  for  short-sighted  children,  in  which  the  teaching  is 
mostly  oral  instead  of  from  books.  The  course  of  instruction  in 
such  schools  is  consequently  somewhat  limited,  and  apart  from  the 
direct  expenditure  to  the  State  involved  in  the  upkeep  of  these 
schools,  such  institutions,  by  restricting  the  amount  of  teaching 
imparted  to  the  scholars,  curtails  their  earning  capacities  in  later 
life. 

Evidence  on  which  the  Theory  is  Based. 

1.  Cohn,  some  fifty  years  ago,  found  the  following  percentages 
of  myopia  in  schools  of  various  grades  : — 


5  Village  schools 

T4  per 

cent. 

of  myopia 

20  Elementary  schools 

6*7 

5) 

n 

2  Higher  girls’  ,, 

7-7 

55 

n 

2  Intermediate  ,, 

10-3 

55 

2  Gymnasiums 

-  26-2 

55 

>5 

University  - 

59-5 

55 

55 

Similar  statistics  have  since  been  published  by  other  investigators, 
tending  to  show  that  the  increase  is  in  direct  proportion  to  the 
length  of  time  devoted  to  near  reading.  But  against  this  is  to  be 
put  the  fact  that  myopia  increases  with  age,  even  in  children  who 
do  not  attend  school. 

2.  People  who  use  their  eyes  much  for  near  work  in  connection 
with  their  trade  afford  the  greatest  number  of  myopes.  But  this 
may  well  be,  because  myopes  would  probably  take  up  a  trade  or 
occupation  involving  close  vision. 

3.  There  are  said  to  be  proportionately  fewer  myopes  in  rural 
populations,  but  recent  statistics,  published  by  Ernest  Thompson,1 


1  Brit.  Journ.  Ophthalm .,  July  1919. 
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show  that  the  reverse  is  the  case  in  Lanarkshire.  Hence,  whilst 
most  ophthalmologists  believe  that  the  special  schools  for  short¬ 
sighted  children  can  only  do  good,  there  are  some  who  are  not 
convinced  of  the  efficacy  of  these  schools  to  arrest  the  progress  of 
myopia.  All  are,  however,  agreed  that  children  who  suffer  from 
high  myopia,  and  who  cannot  see  well  enough  to  benefit  from  the 
ordinary  school  curriculum,  should  attend  the  special  schools. 

For  the  methods  of  testing  visual  acuity,  colour  vision,  field  of 
vision,  etc.,  the  student  is  referred  to  special  books  on  ophthalmology. 

For  the  hygiene  of  the  eyes  in  childhood,  see  N.  Bishop  Harman’s 
“The  Eyes  of  Our  Children,”  London,  1916. 


CHAPTER  XXXVII 


HEARING 

“  Hearing  is  by  means  of  the  ears,  says  Alcamaeon,  because  within  them  is  an 
empty  space,  and  this  empty  space  resounds.  A  kind  of  noise  is  produced  by  the 
cavity,  and  the  internal  air  re-echoes  the  sound.” 

Theophrastus  “  On  the  Senses.” 


SECTION  I 


The  Physiological  and  Applied  Anatomy  of  the  Child’s  Ear. 


The  ear  may  be  divided  into  three  parts,  viz.  : — 

1.  The  sound-collecting  part  (the  auricle). 

2.  The  sound-conducting  part  (external  auditory  meatus  and 

middle  ear). 

3.  The  sound-perceiving  part  (internal  ear). 

1.  The  Sound-Collecting  Part. — This  consists  of  the  auricle. 

The  auricle  begins  to  develop  in  the  first  intra-uterine  month. 
Schwalbe  gives  the  following  measurements,  in  millimetres,  of  the 
length  of  the  auricle  in  the  foetus  : — 


55 


55 


7-10  mm. 

25-29 
30 
34 


55 


5  5 


55 


At  4  months  - 
8-9  months 
full  term  - 
Soon  after  birth 
(on  account  of  the  unfolding  of  the  skin  folds). 

With  increase  of  post-natal  age  the  auricle  increases  in  size,  but 
especially  so  during  the  first  year.  After  the  third  year  the  growth 
is  considerably  slower.  The  concha  is  shallow  and  soft  during  the 
first  few  weeks,  whilst  the  helix  is  comparatively  large.  During  the 
first  two  years  the  concha  becomes  deeper,  and  the  cartilage  within 
it  becomes  stiffer.  The  tragus  is  also  small  in  early  infancy. 

The  function  of  the  auricle  as  a  whole  is,  in  man,  very  small, 
inasmuch  as  people  who,  as  the  result  of  disease,  have  lost  this 
appendage,  do  not  show  any  marked  impairment  of  hearing.  It 
has,  however,  been  shown  by  Schneider,  and  confirmed  by  Politzer,1 
that  the  concha  and  the  tragus  are  both  concerned  in  some  degree 
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1  “  Diseases  of  the  Ear,”  London,  1902. 
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with  the  collection  of  sound  waves,  and  their  reflection  into  the 
external  auditory  meatus.  Thus,  when  the  depression  of  the  concha 
is  filled  up  with  wax,  or  covered  with  a  stiff  piece  of  paper  (without 
at  the  same  time  occluding  the  external  auditory  orifice),  there 
ensues  some  decrease  in  the  hearing  power.  Hence  young  infants, 
in  whom  the  concha  is  shallow  and  the  tragus  small,  must  have 
some  impaired  capacity  for  collecting  and  reflecting  sound  waves. 

2.  The  Sound-Conducting  Part. — This  consists  of : — 

(«)  The  external  auditory  meatus. 

(b)  The  tympanic  membrane. 

(c)  The  middle  ear,  or  tympanum. 

(, a )  The  External  Auditory  Meatus  consists  of  an  outer  cartilaginous 
and  an  inner  osseous  portion.  In  the  new-born  infant  the  osseous 
portion  is  very  small,  being  represented  by  the  tympanic  ring ,  which 
is  a  circle  of  bone,  incomplete  at  the  top.  The  ring  becomes  com¬ 
plete  during  the  second  year,  although  it  does  not  become  com¬ 
pletely  ossified  at  the  top  until  the  fifth  year.  An  important 
peculiarity  of  the  external  meatus  in  the  new-born  is  the  almost 
complete  absence  of  a  lumen,  the  walls  of  this  passage  lying  quite 
close  to  one  another,  and  the  external  orifice  being  filled  with 
epithelial  cells  and  vernix  caseosa.  Indeed,  before  the  age  of  three 
months,  it  is  impossible  to  pass  a  speculum  into  the  auditory  canal. 
Jurgens 1  finds  that  the  length  and  width  of  the  external  meatus 
vary  within  wide  limits,  but  that  this  canal  grows  with  increase  of 
age.  He  further  finds  a  pretty  constant  relationship  both  between 
the  different  walls  of  the  meatus,  as  well  as  between  the  width  of 
the  canal  and  the  width  of  the  skull.  Thus  the  inferior  wall  is  the 
longest,  the  anterior  wall  comes  next,  whilst  the  superior  wall  of 
the  external  auditory  meatus  is  the  shortest  of  all. 

The  relationship  between  the  width  of  the  head  and  that  of 
the  external  meatus  is  seen  from  the  following  table  : — 


Bi- Parietal  Diameter 
in  mm. 

Largest  Width  of  Ex¬ 
ternal  Auditory  Meatus 
in  mm. 

70-100 

5-2 

120-130 

6-5 

150-170 

8 

The  external  auditory  meatus  is  covered  throughout  its  entire 
length  with  skin  in  which  are  found  sebaceous  and  ceruminous 

♦ 


1  Dissert.,  St  Petersburg,  1903. 
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glands.  The  number  of  these  glands  is,  according  to  Buchanan,1 2 
1,000-2,000.  They  decrease  in  number  towards  the  internal  end 
of  the  canal.  Alzheimer  has  shown  that  the  ducts  of  these  glands 
open  in  the  new-born  in  hair  follicles,  whilst  in  the  adult  they  open 
into  the  free  surface  of  the  cuts.  Collection  of  wax  in  the  ears  is 
due  to  a  mixture  of  the  cerumen  with  dust  and  desquamated  cells. 
In  the  neighbourhood  of  the  membrane  there  is  found,  in  the  new¬ 
born,  a  row  of  concentric  papillae.  These  become  gradually  smaller 
and  fewer  with  the  growth  of  the  child.  The  direction  of  the  canal 
is  downwards  and  forwards. 

The  above  peculiarities  of  the  external  auditory  meatus  in  the 
new-born  are  both  of  physiological  and  clinical  importance.  The 
practical  obliteration  of  the  canal  renders  the  infant  deaf  to 
air-conducted  sound  waves,  whilst  the  epithelial  cells  and  vernix 
caseosa  found  in  the  canal  form  an  excellent  nutritive  medium  for 
the  growth  and  development  of  suppurative  organisms.  Moreover, 
the  incomplete  ossification  of  the  canal,  up  to  the  age  of  three 
years,  facilitates  the  transference  of  suppuration  to  the  neighbouring 
parts.  We  thus  find  an  explanation  for  the  frequency  of  purulent 
otitis  media  in  infants — 70  per  cent,  of  all  post-mortem  examina¬ 
tions. 

(b)  The  Tympanic  Membrane. — A  description  of  this  membrane 
involves  a  consideration  of  the  following  points,  viz. : — 

(i.)  The  inclination ,  by  which  is  meant  the  angle  which  the 
membrane  makes  with  the  horizontal. 

(ii.)  The  declination ,  which  means  the  angle  which  the 
membrane  makes  with  the  transverse  vertical  plane 
of  the  body. 

(iii.)  The  angle  between  the  membrane  and  the  superior 
wall  of  the  external  auditory  meatus. 

(iv.)  The  angle  between  the  membrane  and  the  inferior 
wall  of  the  external  auditory  meatus. 

(v.)  The  structure  of  the  membrane. 

(i.)  The  Inclination. — According  to  Troltcsh,  Gruber,  Tillaux, 
and  others,  the  membrane  is  horizontal  in  the  foetus,  and  begins  to 
incline  after  birth.  Symington,  Siebemann,  and  Prussak  believe 
that  the  membrane  forms  a  slight  angle  with  the  horizontal,  whilst 
Poirier,  Poliak,  and  others  go  as  far  as  to  say  that  the  inclination 
of  the  membrane  is  the  same  in  the  child  as  it  is  in  the  adult. 
Jurgens 3  investigated  the  matter  thoroughly.  He  finds  that  in  the 
six  to  seven  months’  foetus  the  membrane  is  horizontal;  in  the 
seven  to  eight  months’  foetus  the  inclination  is  6° ;  in  one  to  three 

1  “  Physiol.  Illustr,  of  the  Organ  of  Hearing,”  1828. 

2  Quoted  by  Gundobin,  op.  cit. 

3  Loc.  cit. 
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months’  old  infants  the  inclination  is,  in  the  average,  12*7C  (max. 
25°  and  min.  4°).  Up  to  the  age  of  five  years  the  angle  increases 
rapidly.  After  that  age  the  increase  in  inclination  is  slower.  In 
the  adult  the  angle  is  46*6°. 

(ii.)  The  declination,  which  in  the  adult  is  43°-50°,'is  in  the  new¬ 
born,  according  to  Siebemann,  32°.  Jurgens,  however,  finds  that 
the  variations  in  infants  from  one  month  onwards  are  so  con¬ 
siderable  that  it  is  impossible  to  establish  any  regularity  in  the 
growth  of  this  angle.  Thus  he  found  the  largest  angle,  90°,  in  an 
infant  one  month  old,  and  the  smallest  declination,  35°,  in  a  child 
four  years  old.  As  a  result  of  (i.)  and  (ii.)  the  postero-superior 
part  of  the  membrane  seems  much  nearer  on  otoscopic  examination 
than  the  antero-inferior  part. 

(iii.)  The  angle  between  the  membrane  and  the  superior  wall 
of  the  external  meatus  is  greatest  in  the  foetus,  and  amounts  to 
180°.  Between  birth  and  three  months  it  is  169*3°  (in  the 
average)  ;  in  the  adult  it  is  140°. 

(iv.)  The  angle  between  the  membrane  and  the  inferior  wall 
of  the  auditory  meatus  increases  with  age.  At  three  months  it  is 
13*2°;  at  one  to  five  years  it  is  22*6  .  In  the  adult  it  is,  in  the 
average,  29*7°  (max.  37Vmin.  24°). 

(v.)  Structure. — The  membrane  consists  of  three  layers,  viz.,  an 
outer  cutaneous  (which  is  a  continuation  of  the  cutaneous  covering 
of  the  external  meatus),  an  inner  mucous,  and  middle  fibrous. 
But  whilst  the  middle  layer  is  not  different  in  the  infant  from  what 
it  is  in  the  adult,  the  outer  and  inner  layers  are  thicker  in  the  new¬ 
born  than  in  the  adult.  The  size  of  the  membrane  is,  according 
to  Kourtach  and  Troltcsh,  the  same  at  all  ages,  from  birth  onwards. 

The  above  peculiarities  of  the  infant’s  tympanic  membrane  are 
clinically  interesting  for  the  following  reasons  :  the  small  inclination 
of  the  membrane,  combined  with  the  narrowness  of  the  external 
auditory  meatus,  renders  otoscopy  extremely  difficult,  if  not 
impossible,  in  very  young  infants.  The  thickness  of  the  membrane 
makes  the  operation  of  paracentesis  (puncture  of  the  membrane)  in 
acute  purulent  otitis  media  difficult,  although  such  an  operation 
may  be  most  important  in  infants  (see  p.  616). 

(f)  The  Tympanum ,  or  Middle  Ear. — In  connection  with  this 
cavity  the  following  points  require  consideration  : — 

(i.)  The  ossicles. 

(ii.)  The  Eustachian  tube. 

(iii.)  The  tympanic  cavity  itself. 

(i.)  The  Ossicles. — The  observations  of  Kikuchi,1  to  the  effect 
that  the  ossicles  remain  of  practically  the  same  size  throughout 

life,  from  birth  onwards,  have  been  confirmed  by  Jurgens,2  who 

*  * 

1  Zeitschr.  J.  Ohrenheilk ,  42,  1903.  2  Loc.  cit. 
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found  the  full  adult  size  even  in  an  eight  months’  foetus.  The 
malleus  and  incus  are  developed  from  the  first,  and  the  stapes  from 
the  second  bronchial  arch. 

Clinical  Tests  for  the  Mobility  of  the  Membranes  and  Ossicles. 

1.  The  mobility  of  the  membrane  can  be  ascertained  by  means  of 
a  Siegle’s  speculum,  which  consists  of  an  ear  speculum,  to  which  an 
air-bag  is  attached  by  means  of  a  side  tube,  and  the  wide  end  of 
which  is  closed  by  a  glass  plate.  The  narrow  end  is  hermetically 
introduced  into  the  ear,  and  the  air  in  the  meatus  is  alternately 
condensed  and  rarefied  by  means  of  the  air-bag.  The  extent  of 
the  mobility  of  the  membrane,  with  each  condensation  and 
rarefaction,  can  be  seen  through  the  glass. 

2.  In  order  to  test  the  mobility  of  the  ossicles,  Gelid s  test  is 
applied.  This  is  carried  out  as  follows  :  A  weighted  C1  tuning 
fork  (256  vibrations)  is  applied  to  the  patient’s  head,  and  the  air  in 
the  external  meatus  is  compressed  by  means  of  Siegle’s  speculum. 
If  the  ossicles  are  freely  mobile,  they  will,  during  compression, 
cause  the  foot-plate  of  the  stapes  to  press  upon  the  fenestra  ovalis, 
thus  causing  an  increased  intra-labyrinthine  pressure,  with 
consequent  diminished  perception  by  the  patient  of  the  sound  of 
the  tuning  fork.  When  the  pressure  is  released,  the  sound  of  the 
tuning  fork  is  perceived  with  its  original  intensity.  When  there  is 
ankylosis  and  immobility  of  the  ossicles,  the  sound  of  the  tuning 
fork  will  remain  unaltered  during  the  test. 

(ii.)  The  Eustachian  Tube. — This  tube,  which  runs  between  the 
tympanic  cavity  and  the  naso-pharynx,  and  effects  an  interchange 
of  air  between  the  atmosphere  and  the  middle  ear,  is,  in  the  adult, 
composed  of  outer  and  inner  funnel-shaped  portions  united  together 
at  their  narrow  ends.  The  point  of  union,  which  is,  in  the  adult, 
the  narrowest  part  of  the  tube,  is  called  the  isthtnus.  In  the  infant 
the  tube  is  practically  cylindrical  throughout.  The  external  or 
tympanic  portion  of  the  tube  is  osseous,  and  is  formed  by  a 
prolongation  of  the  anterior  wall  of  the  tympanum  inwards.  The 
internal  or  pharyngeal  portion  is  membrano-cartilaginous.  In  the 
infant  the  membranous  tissue  predominates,  and  it  is  thanks  to 
this  fact  that  the  tube  is  more  distensible  in  the  infant. 

Dimensions  of  the  Tube. — The  table  on  p.  614  is  constructed  from 
data  given  by  Politzer,1  Troltcsh,2  Eitelberg,3  Schengelidse.  4 

From  these  data  we  see  that  the  tube  is  shortest  and  widest  at 
birth,  and  becomes  gradually  longer  and  narrower  with  age.  This 
peculiarity  of  the  child’s  Eustachian  tube  is  of  clinical  importance, 
because  insufflation  of  air  will  more  easily  remove  an  obstruction 
within  it  than  in  the  adult’s  tube. 


1  Op.  cit. 

2  Verh.  Phys.  Med.  Ges.,  1858. 


3  Quoted  by  Gundobin,  op.  cit. 

4  Dissert.,  St  Petersburg,  1900. 
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Age. 

Length  in 

mm. 

Width  in  mm.  as 
Determined  by 
Means  of  Bougies. 

Whole 

Tube. 

Osseous. 

Cartilaginous. 

Foetus  (7  months)  - 

20 

3 

Birth 

18-20 

8-9 

11-12 

.  •  . 

6  months 

30 

2-5 

2  years  - 

33 

.  .  . 

.  .  . 

2-0 

2f  „ 

23 

10 

13 

.  .  . 

6  „  - 

36 

... 

L0 

Adult 

38 

8 

25 

L0 

The  direction  of  the  tube  is  more  horizontal  in  the  infant  than  in 
the  adult.  The  angle  between  the  direction  of  the  tube  and  that 
of  the  floor  of  the  nose  is  126°-140°  in  infancy,  and  gradually 
diminishes  with  age.  Between  two  and  forty  years  it  fluctuates 
between  114°  and  118°. 

Schengelidse  gives  the  following  table,  showing  the  distance  of 
the  pharyngeal  opening  from  the  posterior  border  of  the  hard 
palate,  as  well  as  from  the  base  of  the  skull  at  various  ages  : — 


Age. 

Distance  from 
Hard  Palate. 

Distance  from 
Base  of  Skull. 

1  month 

6  mm. 

7  mm. 

6  months 

9  „ 

10  „ 

2  years 

9  „ 

10  „ 

6  „ 

11  „ 

13  „ 

Adult  - 

13  „ 

14  „ 

From  these  data  it  follows  that  the  younger  the  child  the  easier 
it  is  for  infection  from  the  nose  to  reach  the  tubes,  and  thus  be 
carried  to  the  ears. 

The  level  of  the  pharyngeal  opening  of  the  Eustachian  tube  is 
in  the  foetus  below  that  of  the  hard  palate  ;  in  the  new-born  it  is 
at  the  same  level  as  the  hard  palate ;  at  four  years  it  is  3  mm. 
above,  and  in  the  adult  it  is  10  mm.  above  the  level  of  the  hard 
palate.  This  gradual  rise  in  level  is  the  result  of  the  growth  of  the 
facial  portion  of  the  superior  maxilla,  which  causes  the  hard  palate 
gradually  to  recede  from  the  base  of  the  skull  (Kunkel).1  The 
clinical  importance  of  these  facts  arises  in  the  operation  of 
Eustachian  catheterisation. 

1  Quoted  by  Gundobin. 
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Results  of  Obstruction  of  the  Eustachian  Tube. — The  Eustachian 
tube,  as  already  mentioned,  brings  about  a  communication  between 
the  air  in  the  tympanum  and  the  atmosphere.  If  it  becomes 
obstructed  as  the  result  of  either  adenoids  (which  are  so  common 
in  children)  or  other  causes,  the  oxygen  in  the  tympanic  air 
becomes  gradually  absorbed,  and,  as  a  result  of  this  rarefaction  of 
the  tympanic  air,  the  membrane  tympani  and  the  ossicles  are 
drawn  inwards.  The  vibration  of  the  membrane  is  thus  diminished, 
hearing  becomes  impaired  in  consequence,  and  a  sense  of  tension 
(due  to  the  indrawing  of  the  membrane)  is  felt  in  the  ear.  The 
unconscious  acts  of  swallowing  which  one  often  makes  help  to 
ventilate  the  tympanum  by  opening  the  tube. 

Clinical  Test  for  Permeability  of  the  Eustachian  Tube. — The 
patient  is  given  a  mouthful  of  water  to  hold  whilst  a  tuning  fork  is 
vibrating  before  his  nostrils.  If  the  patient  hears  the  sound 
intensified  during  the  act  of  swallowing,  it  shows  the  tube  is 
permeable.  This  is  called  Politzer’s  test ,  and  is  much  simpler  than 
catheterisation  or  similar  procedures. 

(iii.)  The  Tympanum. — The  tympanic  cavity  is  a  quadrangular 
space  which  is  connected  with  the  Eustachian  tube  antero-inferiorly, 
and  ^vith  the  mastoid  process  by  means  of  the  antrum  postero- 
superiorly.  It  has  a  floor,  or  lower  wall,  and  a  roof,  or  upper  wall, 
external  and  internal,  anterior  and  posterior  walls. 

The  external  wall  is  formed  partly  by  the  membrana  tympani. 

The  internal  or  labyrinthine  wall  is  formed  of  bone,  and 
contains  in  the  centre  the  fenestra  ovalis ,  or  vestibular  window, 
which  receives  the  foot-plate  of  the  stapes.  Under  this  window  is 
the  promontory  in  the  posterior  margin  of  which  is  situated  the 
fe7iestra  rotunda ,  or  cochlear  window.  The  bulge  of  the  promontory 
is  caused  by  the  first  turn  of  the  cochlea. 

The  upper  wall ,  or  tegmen  tympclni ,  is  formed  by  the  union  of 
processes  of  bone  coming  from  the  petrous  and  squamous  bones. 
In  the  adult  the  two  bones  are  firmly  united,  but  in  the  new-born 
infant  they  are  separated  by  the  petro-squamous  fissure.  In  early 
infancy  there  is  a  richly  vascular  connective  tissue  process  running 
through  this  fissure,  which  connects  the  middle  ear  with  the  cranial 
cavity.  Bruck  1  has  shown  that  this  communication  persists  up  to 
the  age  of  five  or  six  years,  and  establishes  a  route  for  the  transfer 
of  inflammatory  processes  from  the  tympanum  to  the  meninges  of 
the  brain.  During  foetal  life  there  runs  along  this  fissure  the 
petrosquamous  sinus ,  which  connects  the  sigmoid  sinus  with  the 
external  jugular  vein.  In  rare  cases  this  sinus  persists.  When  the 
fissure  closes  it  becomes  the  petro-squamous  suture.  This  wall  is 
very  thin  even  in  the  adult,  and  therefore  forms  a  common  site  for 

1  Arch,  f  Kinderheilk ,  20,  1890. 
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pus  from  the  middle  ear  to  perforate  into  the  middle  fossa  of  the 
skull. 

Contrary  to  what  one  may  expect  from  the  presence  of  this 
fissure,  middle  ear  suppuration  travels  up  to  the  brain  less  frequently 
in  the  infant  than  in  the  adult,  because  the  presence  of  the  petro- 
mastoid  fissure  in  the  former  gives  the  pus  an  exit  ’to  the  sub¬ 
cutaneous  region  of  the  mastoid. 

The  floor ,  or  inferior  wall ,  is  formed  by  the  tympanic  plate,  and 
in  the  new-born  extends  to  the  tympanic  ring.  On  the  under 
surface  of  this  wall  lies  the  jugular  bulb,  which  is  the  commence¬ 
ment  of  the  internal  jugular  vein.  This  wall  is  much  thicker  than 
the  roof  and  is,  therefore,  not  so  easily  perforated  by  pus.  In 
some  cases,  however,  it  is  very  thin  and  cribriform,  and  in  rare 
cases  it  may  even  be  altogether  absent,  thus  allowing  a  free  com¬ 
munication  between  suppurative  processes  in  the  middle  ear  and 
the  internal  jugular  vein. 

The  anterior  wall  receives  inferiorly  the  tympanic  opening  of 
the  Eustachian  tube. 

The  posterior  wall  contains  superiorly  a  small  orifice,  by  means 
of  which  the  tympanum  communicates  with  the  antrum  ( aditus 
ad  antrum ).  At  birth  the  tympanum  is  said  to  contain  a  viscid 
fluid. 

The  system  of  ossicles  unites  the  external  and  internal  walls, 
and  transmits  the  vibrations  of  the  membrane  to  the  internal  ear. 

The  Changes  of  Air-Pressure  in  the  Tympanum. — Schengelidse 
inserted,  hermetically,  a  spirit  manometer  into  the  external  auditory 
meatus  of  children  varying  in  age  between  fifteen  days  and  one 
year,  and  noted  that  there  were  regular  fluctuations  of  1-2  mm.  in 
the  level  of  the  fluid  with  each  respiration.  In  the  course  of  a 
nasal  catarrh,  when  the  infant  breathed  through  the  nose,  the 
fluctuation  amounted  to  3-4  mm.  A  cough  raises  the  level  of  the 
fluid  6  mm. ;  whilst  in  the  act  of  swallowing  there  is,  at  first, 
a  fall  of  1-lJ  mm.,  and  then  a  rise  of  4J  mm. 

These  observations  show  that  in  the  case  of  nasal  obstruction, 
or  bronchial  trouble,  when  the  infant  is  trying  to  cough  up  the 
secretion  collected  at  the  back  of  the  throat,  there  are  greater 
facilities  afforded  for  the  spread  of  infection  to  the  middle  ear. 

The  Peculiarities  of  Otitis  Media  in  Infants. — On  account  of  the 
greater  thickness  and  resistance  of  the  membrane  in  the  infant, 
purulent  secretion  from  the  external  meatus,  as  the  result  of 
perforation,  does  not  occur  till  late  in  the  disease.  Moreover,  the 
tympanic  cavity  in  early  infancy  being  permeable  in  several 
directions,  a  longer  interval  is  required  for  pus  to  collect  in  sufficient 
amount  to  bulge  and  perforate  the  membrane.  The  suppuration 
may,  therefore,  spread  to  neighbouring  parts  (e.g.,  brain,  etc.)  before 
a  discharge  occurs  from  the  external  ear.  Further,  the  short  and 
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wide  Eustachian  tube  may  cause  the  pus  to  escape  into  the  pharynx 
before  its  discharge  into  the  external  auditory  meatus. 

As  the  osseous  canal  in  which  the  facial  nerve  lies  has  several 
cracks  in  early  infancy,  peripheral  facial  paralysis  is  liable  to  occur 
more  frequently  in  infancy.  As,  however,  such  paralysis  is  due  to 
the  spread  of  inflammation  to  the  connective  tissue  surrounding  the 
nerve,  it  is  only  slight,  and  disappears  as  a  rule  in  a  few  days. 

Mastoid  abscess  is  another  great  danger  in  infantile  otitis, 
because  the  mastoid  antrum  is  relatively  large,  and  as  the  lateral 
wall  of  the  antrum  is  very  thin,  the  abscess  may  very  rapidly 
perforate  outwards,  forming  a  sub-periosteal  mastoid  abscess. 

On  the  other  hand,  the  mucous  membrane  of  the  infant’s 
tympanum  possesses  great  absorptive  properties,  and  hence  extensive 
exudates  may  still  be  absorbed  in  various  stages  of  otitis. 

Bactericidal  Power  of  the  Tympanic  Mucous  Membrane.  — 
Schengclidse  inoculated  one  series  of  mice  with  organisms  isolated 
from  the  pharyngeal  ostium  of  the  Eustachian  tube,  and  another 
series  with  similar  organisms  taken  from  the  tympanic  cavity.  He 
found  that,  in  general,  those  coming  from  the  tube  were  more 
virulent  than  the  same  organisms  coming  from  the  tympanum. 

Clinical  Test  for  Middle  Ear  Deafness. — To  distinguish  deafness 
due  to  middle  ear  disease  from  that  resulting  from  disease  of  the 
internal  ear,  advantage  is  taken  of  the  bone  conduction  of  sound. 
When  a  vibrating  tuning  fork  is  applied  to  the  head  of  the  patient, 
the  sound  waves  imparted  to  the  cranial  bones  are  conducted  by 
them  to  the  organ  of  Corti  in  the  cochlea  by  two  routes,  viz.  : — 

(a)  The  direct  cranio-labyrinthine  route. 

(b)  The  indirect  cranio-tympanic  route,  in  which  the  waves  are 
re-transformed  into  air  waves  in  the  middle  ear,  and  then  reach  the 
labyrinth  in  the  same  way  as  in  air  conduction.  In  the  process 
of  transmutation  two  things  happen  to  the  sound,  viz. : — 

(i.)  Loss  of  intensity  as  the  result  of  the  transformation. 

(ii.)  Loss  of  a  certain  quantity  of  sound  waves  through  the 
external  auditory  meatus. 

This  latter  loss  can  be  demonstrated  by  placing  a  vibrating 
tuning  fork  on  one’s  head,  and  closing  the  external  auditory  meatus 
on  one  side,  when  the  sound  will  at  once  be  intensified  on  that 
side,  because  none  is  lost  through  the  external  ear.  If,  therefore, 
a  patient  suffers  from  middle  ear  deafness  he  will  lateralise  the 
sound  of  the  tuning  fork,  applied  to  his  head,  to  his  diseased  side , 
because  there  is  no  loss  of  intensity  either  as  the  result  of  trans¬ 
formation  or  as  the  result  of  loss,  as  occurs  on  the  healthy  side. 
If  the  deafness  is  due  to  disease  of  the  internal  ear ,  lateralisation  will 
necessarily  take  place  to  the  healthy  side.  This  is  called  Weber’s  test. 

This  test,  being  a  subjective  one,  is  not  quite  reliable  in  children. 
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To  make  it  objective ,  one  might  connect  the  patient’s  ears  alternately 
with  the  ears  of  the  observer  by  means  of  an  india-rubber  tube. 
If,  on  applying  the  vibrating  tuning  fork  to  the  patient’s  head,  the 
observer  hears  the  tuning  fork  better  when  he  is  connected  with 
the  healthy  than  when  connected  with  the  deaf  ear,  the  deafness  is 
due  to  middle  ear  trouble.  In  the  case  of  labyrinthine  deafness, 
the  sound  is  of  the  same  intensity  whether  it  comes  from  the 
healthy  or  the  diseased  ear. 

(iv.)  The  Temporal  Po?ie. — At  birth  this  bone  consists  of  three 
distinct  portions,  viz.,  the  squamous,  petrous,  and  temporal  portions, 
which  are  separated  from  one  another  by  the  petro-squamous  and 
squamo-temporal  fissures.  The  petrous  portion,  which  contains  the 


Squamous 

portion 


Tympani 

ring. 


Petro-mastoid 

portion. 

Fig.  1‘25. — Temporal  bone  of  new-born  Infant. 

ossicles  and  labyrinth,  is  relatively  large,  the  internal  auditory  canal 
is  wide  and  shallow,  and  the  contours  of  the  cerebral  (frontal) 
and  cerebellar  (sagittal)  semicircular  canals  are  more  prominent  than 
in  the  adult.  The  mastoid,  on  the  other  hand,  is  not  perfectly 
developed. 

Peculiarities  of  the  Mastoid  Region  in  Infancy. 

{a)  The  mastoid  process  is  absent.  It  begins  to  develop  when 
the  sterno-mastoid  muscle  increases  in  size,  /.<?.,  when  the  infant 
commences  to  balance  its  head  properly.  The  greatest  develop¬ 
ment  of  the  mastoid,  however,  takes  place  when  the  infant  begins 
to  walk  and  exercises  its  balancing  powers.  The  development 
of  the  mastoid  process,  therefore,  runs  pari  passu  with  the  general 
development  of  the  body. 


Petro¬ 

squamous 

suture 
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(b)  The  squamo-mastoid  fissure  is  present. 

(e)  The  supra-meatal  crest  and  spine  are  absent,  and  the  supra- 
meatal  fossa,  which  in  the  adult  is  a  useful  landmark  for  trephining 
the  antrum,  is  also  absent  in  consequence. 

(d)  The  antrum  is  relatively  large,  and  placed  higher  than  in 
the  adult.  It  is  also  more  superficial  because — 

(e)  Its  outer  wall  is  very  thin. 

(/)  There  are  no  definite  mastoid  cells. 

(g)  The  absence  of  the  mastoid  process  renders  the  facial  nerve 
exposed  and  unprotected,  as  it  leaves  the  stylo-mastoid  foramen, 
thus  exposing  it  to  greater  risk  of  injury  in  the  preliminary  incision 
to  reach  the  antrum. 

3.  The  Sound-Perceiving  Part,  or  Internal  Ear. — This  consists 
of  the  following  parts  : — 

(i.)  The  osseous  labyrinth  containing  perilymph,  in  which 
lies — 

(ii.)  The  membranous  labyrinth ,  with  itscontainedendolymph. 

(iii.)  The  auditory  nerve  and  its  ganglia. 

(i.^  The  osseous  labyrinth  is  in  the  infant  isolated  by  cartilage 
from  the  other  parts  of  the  petrous  bone  until  the  second  year. 
The  dimensions  of  the  various  parts  of  the  labyrinth  are  the  same 
in  the  infant  as  in  the  adult.  As  regards  the  angles  between  the 
various  semicircular  canals,  Sato1  gives  the  following  figures: — 


Angle  Between 
Frontal  and  Hori¬ 
zontal  Canals. 

Angle  Between 
Frontal  and  Sagittal 
Canals. 

Angle  Between 
Sagittal  and  Hori¬ 
zontal  Canals. 

Foetus 

87-1 

91-0 

91-3 

New-born  - 

88-0 

88-0 

93-4 

Adult 

87-4 

94-6 

99-6 

The  only  angle,  therefore,  which  increases  regularly  with  growth 
is  that  between  the  sagittal  and  horizontal  canals.  The  significance 
of  this  is  probably  not  great  because  of  the  great  variations  in 
individual  cases. 

(ii.)  The  membranous  labyrinth  is  the  same  in  infants  as  in 
adults. 

(iii.)  The  auditory  nerve  is  fully  developed  at  birth.  Kraut,2 
however,  has  shown  that  the  ductus  reuniens  possesses  an 
open  lumen  only  at  birth.  In  the  adult  this  lumen  is  obliterated. 


1  Zeitschr.  f.  Ohrenlieilk ,  42,  1903. 


2  Ibid.,  60. 
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SECTION  II 


The  Sense  of  Hearing  in  Infancy. 

As  has  already  been  mentioned  in  Chap.  XVI.  new-born 
infants  have  a  very  defective  sense  of  hearing.  This  is  due  to  the 
uncanalised  condition  of  the  external  auditory  meatus,  the  thickness 
and  practically  horizontal  condition  of  the  membrana  tympani  as 
well  as  the  gelatinous  contents  of  the  tympanum.  That  infants 
as  young  as  six  hours  do,  however,  perceive  sound,  has  been 
demonstrated  by  Canestrini  (see  p.  238).  As  the  external  meatus 
becomes  more  and  more  permeable,  and  the  connective  tissue 
deposits  in  the  tympanic  cavity  become  absorbed,  the  auditory 
acuity  gradually  increases  until  it  becomes  normal. 

As  regards  the  function  of  the  membrane  and  ossicles,  they 
are  the  same  in  the  infant  as  in  the  adult,  except  that,  as  the 
inclination  of  the  membrane  is  greater  in  infancy,  the  number  of 
sound  waves  it  can  receive,  and  hence  the  intensity  of  sound,  must 
necessarily  be  less. 

Functions  of  the  Membranous  Labyrinth. 

The  membranous  labyrinth  consists  essentially  of  two 
parts,  viz. : — 

1.  An  acoustic  part,  or  one  concerned  with  the  perception  of 
hearing.  This  part  is  constituted  by  the  cochlea  with  the  organ  of 


Ductus 

en<" 


Vestibular 

nerve 


Semicircu 

canals 


Utricle 


Fig.  126. — Diagram  of  the  Nerve  Supply  of  the 
Membranous  Labyrinth. 


Corti  and  the  cochlear  branch  of  the  eighth  nerve  with  its  spiral 
ganglion.  Disease  of  this  part  will  cause  deafness. 
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2.  A  static ,  or  proprio-receptive  part,  or  one  concerned  with  the 
sense  of  position  of  the  body  in  space.  This  part  is  formed  by 
the  saccule,  utricle,  ampullae,  and  arcs  of  the  semicircular  canals, 
as  well  as  the  vestibular  branch  of  the  eighth  nerve  with  its 
superior  and  inferior  ganglia.  Irritation  or  disease  of  the  static 
labyrinth  alone  will  cause  reflex  nystagmus,  vertigo,  etc.,  without 
deafness. 

For  more  detailed  information  regarding  the  structure  and 
functions  of  the  labyrinth,  as  well  as  for  a  discussion  of  the  various 
theories  of  hearing,  text-books  on  general  physiology  must  be 
consulted,  but  there  is  a  certain  interesting  point  which  deserves 
mention  here.  It  is  a  clinical  fact  that  in  congenital  labyrinthine 
deafness  the  static  labyrinth  is  perfectly  normal,  although  this  is 
not  the  case  in  acquired  deafness  due  to  inflammation  of  the 
labyrinth.  This  is  due  to  the  fact  that  the  static  labyrinth  is  a 
much  older  organ  phylogenetically,  being  present  in  very  low  classes 
of  invertebrate  animals,  whilst  the  cochlea  is  not  found  in  animals 
lower  than  the  amphibia,  and  it  is  a  well-known  fact  that  the 
greater  the  phylogenetic  age  of  an  organ  the  less  liable  it  is  to 
congenital  defects.  Moreover,  the  cells  of  the  spiral  ganglion,  as 
well  as  the  fibres  of  the  cochlear  nerve,  are  smaller  and  thinner 
than  those  of  the  vestibular  nerve,  and  are,  therefore,  more  liable 
to  congenital  maldevelopment. 

Clinical  Tests  for  Disease  of  the  Labyrinth. 

(1)  Deafness,  due  to  disease  of  the  labyrinth,  is  distinguished 
from  middle  ear  deafness  by  means  of  Weber’s  test  (see  p.  617). 

(2)  Disease  of  the  static  labyrinth  is  diagnosed  by  revolving 
the  patient  in  a  revolving  chair  and  observing  whether  nystagmus 
ensues  after  suddenly  stopping  the  rotation. 

If  the  test  is  negative  it  shows  that  the  semicircular  canals  are 
diseased,  so  that  no  reflex  irritation  is  possible  The  rotation  must 
be  to  the  right  in  testing  the  left  canals,  and  to  the  left  in  testing 
the  reflex  excitability  of  the  right  semicircular  canals. 

Another  simple  test  is  the  stability  test.  A  normal  individual 
balances  his  body  by  the  aid  of  impressions  received  from  the  eyes, 
the  static  labyrinths,  as  well  as  the  skin  and  muscle  senses. 
Stability  is  possible  if  two  out  of  these  three  components  are 
normal.  Should,  however,  two  of  these  three  be  thrown  out  of 
action  the  third  alone  is  not  able  to  keep  the  body  in  equilibrium 
Thus,  the  Romberg  test  in  tabes  dorsalis  is  due  to  impairment  of  the 
skin  and  muscle  sense,  and,  therefore,  if  the  eyes  are  shut  the 
patient  cannot  stand.  Hence,  Romberg’s  test  is  positive  also  in 
disease  of  the  static  labyrinth. 
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SECTION  III 

The  Psychology  of  Hearing  in  Childhood. 

That  acoustic  stimuli  arouse  high  psychical  sensations  in  the 
child  has  been  shown  by  Brauckmann.  Thus  the  sounds,  for 
instance,  of  a  church  choir  excite  different  feelings  from  those 
brought  out  by  a  waltz  of  Strauss. 

The  timbre  of  our  speech  consists  of  a  variable  mixture  of 
fundamental  tones  and  overtones.  A  good  ear  can  distinguish 
250,000  tones  of  different  intensity.  When  the  threshold  stimulus 
of  the  child’s  ear  is  so  raised  that  he  hears  with  some  difficulty,  the 
lower  tones  fall  out,  and  thus  alter,  not  only  the  intensity,  but  also 
the  quality  of  tone  sensations.  Thus  the  child  whose  hearing 
power  is  defective  cannot  tell  the  difference  between  the  serious 
or  chastising  tone  of  voice,  the  exhorting  or  warning  tone  of  voice, 
or  the  affectionate  intonation.  In  this  way  the  slightly  deaf  child 
suffers  in  the  development  of  its  character. 

Similarly,  the  older  child  is  apt  to  suffer  in  education  because 
he  cannot  hear  his  teacher  properly.  In  order  to  catch  his 
teacher’s  remarks  he  tries  to  listen  with  excessive  and  strained 
attention  in  this  way,  unduly  fatiguing  his  nervous  system.  More¬ 
over,  being  often  innocently  blamed  for  inattention,  his  nervous 
system  is  bound  to  suffer. 

Systematic  examination  of  school  children  has  revealed  the 
fact  that  a  considerable  percentage  (varying  between  6*8  and  40’3 
per  cent.)  suffer  from  various  degrees  of  deafness.  Hence  the 
necessity  of  annually  testing  the  child’s  hearing. 

Hearmg  Tests. — Each  ear  is  tested  by  whispering  the  numbers 
from  20  to  100.  The  normal  ear  hears  whispering  at  24-25  m. 
In  schools  it  is  only  practicable  to  use  distances  of  6-8  m.  In 
order  to  use  the  same  intensity  of  whisper  the  forced  expiratory 
whisper  is  employed.  The  child  must  have  its  eyes  closed. 
Children  under  8  m.  hearing  distance  require  special  attention. 
They  must  sit  nearer  the  teacher.  Total  deafness  in  early  child¬ 
hood  results  in  dumbness.  For  the  systematic  examination  of 
hearing  the  reader  is  referred  to  special  books  on  otology. 


CHAPTER  XXXVIII 


THE  INTERNAL  SECRETORY  GLANDS 

“These  specific  soluble  products  pass  into  the  blood,  and,  by  its  agency,  react 
upon  the  cells  of  other  anatomic  elements  of  the  organism  ...  so  that  there  is  an 
inter-relationship  between  the  various  cells  of  the  economy  effected  by  a  means 
other  than  that  of  the  nervous  system.” 

Brown-Sequard  and  D’Arsonval.1 

The  general  facts  about  internal  secretions  have  already  been 
described  in  Chap.  XIII.  In  this  chapter  I  shall  describe  briefly  the 
more  important  functions  of  the  various  endocrine  organs  in  the 
adult,  and  compare  them  with  those  in  the  child. 

Methods  of  Study. — The  functions  of  any  one  endocrine  organ 
are  investigated  in  the  following  ways  : — 

1.  Observation  of  the  symptoms  in  cases  of  disease  of  the 
particular  organ.  The  disease  may  be  of  two  kinds :  (a)  Atrophy 
of  the  organ,  resulting  in  diminished  or  absent  secretion;  (b)  hyper¬ 
trophy,  resulting  in  increased  secretion. 

2.  Experimental  extirpation  of  the  organ  to  be  studied,  and 
noting  the  effects  upon  the  animal. 

3.  Administration  of  extracts  of  the  organ  to  animals,  either 
intravenously  or  by  the  mouth. 

4.  Embryological  and  histological  study. 

The  Suprarenal  Glands. — We  have  already  seen  that  these 
glands  consist  of  cortex  and  medulla,  each  of  which  is  derived 
embryologically  from  different  cell  masses.  Indeed,  in  some 
animals,  like  fish,  the  medulla  or  chromaffine  tissue  lies  quite  apart 
from  the  cortex  (inter-renal  bodies),  and  in  these  animals  the 
effect  of  removing  one  or  other  parts  of  these  glands  can  there¬ 
fore  be  studied.  The  medulla  cells  secrete  adrenalin  or  epine¬ 
phrine,  and  has  very  close  nervous  relation  with  the  nerves  of  the 
sympathetic  system.  Takamine,2  who  isolated  epinephrine  in 
1907,  and  prepared  it  synthetically,  found  it  to  be  ortho-dioxy- 
phenyl-ethanol-methylamine,  and  to  have  the  constitutional 
formula  : — 

1  Arch,  de  Physiol. ,  1891,  Fifth  Series,  iii. 

2  Proc.  Physiol.  Soc. ,  Journ.  Physiol .,  27,  1901,  p.  29. 
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Tests  for  Epinephrine. —  Adrenalin  can  be  detected  by  two 
tests  : — 

(a)  Physiological,  i.e .,  constriction  of  blood  vessels,  with  a  rise 
in  arterial  blood  pressure. 

(b)  Chemical ,  i.e.,  the  formation  of  a  blue  colour  with  phospho- 
tungstic  and  phosphoric  acids  and  sodium  carbonate  (Folin,  Cannon, 
and  Denis).1 

By  comparing  the  colour  with  a  standard  blue  the  amount  of 
epinephrine  can  be  estimated. 

Function — (a)  The  Medulla. — Disease  of  the  suprarenals  in  the 
adult  results  in  the  affection  known  as  Addison’s  disease  (first 
described  by  Addison  in  1855),  which  is  characterised  by  severe 
prostration,  low  blood  pressure,  and  muscular  weakness — the  result 
of  cardio-vascular  atony,  and  the  paralysis  of  the  sympathetic 
nerves,  due  to  lack  of  epinephrine  manufactured  in  the  medulla. 
There  is  also  vomiting  and  diarrhoea,  probably  due  to  the  uncon¬ 
trolled  action  of  the  vagus,  and  bronzing  of  the  skin,  possibly  due 
to  absence  of  some  substance  coming  from  the  cortex. 

Brown-Sequard,  in  1856, 2  found  that  removal  of  both  supra¬ 
renals  in  animals  was  invariably  fatal  within  twelve  hours,  after 
giving  rise  to  all  the  symptoms  of  Addison’s  disease  in  an  acute 
form,  but  that  the  dying  animal  can  be  brought  back  to  life  if  it  is 
transfused  with  blood  taken  from  a  normal  animal.3  The  action 
of  the  epinephrine  is  not  directly  upon  the  blood  vessels,  but  upon 
the  nerve  endings  of  the  fibres  of  the  sympathetic  system  in  the 
vessels.  Hence,  adrenalin  or  epinephrine  has  no  effect  upon  the 
cerebral  or  pulmonary  arterioles.  Whilst,  therefore,  epinephrine 
is  a  very  powerful  haemostatic  in  cases  of  bleeding  in  general,  it  is 
not  only  useless  but  harmful  in  cerebral  or  pulmonary  haemorrhage, 
because  the  increase  in  general  blood  pressure,  as  well  as  in  the 
force  of  the  heart,  increases  the  bleeding  in  these  parts. 

Epinephrme. — This  substance  has  been  demonstrated  by 
M‘Cord  in  very  young  bovine  foetuses,  but  in  the  human  foetus  it  has 
not  been  discovered  even  at  full  term.4  Similar  negative  results 
were  previously  obtained  by  other  observers.  The  methods  that 
were  used  for  detecting  this  substance  were  the  physiological  and 
chemical  methods  mentioned  above. 

1  foam.  Biol.  Chem.,  xiii.,  1913,  447. 

2  Comptes  Rend.,  xviii.,  1856. 

3  Journ.  ae  Physiol.,  i. ,  1858. 

4  J.  H.  Lewis,  Journ.  Biol.  Chem.,  xxiv.,  1916,  p.  249. 
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(b)  The  Cortex  has  to  do  with  the  growth  and  reproductive 
power  of  the  individual.  Its  cells  contain  cholesterin  and  fat, 
which  latter  has  the  peculiarity  that  it  persists  in  states  of  bodily 
starvation  even  though  the  fat  of  other  parts  of  the  body  completely 
disappears.  It  disappears,  however,  very  rapidly  in  all  acute 
septic  fevers  and  in  cases  of  severe  anaemia.1 

As  regards  the  cholesterin  it  is  believed  by  some  that  the 
cortex  supplies  cholesterin  to  the  blood,  but,  according  to  Elliott, 
the  opposite  is  the  case,  viz.,  the  cortex  abstracts  the  cholesterin 
from  the  blood,  and  utilises  it  for  certain  unknown  metabolic 
purposes. 

Further,  in  view  of  the  morphological  similarity  between  the 
cells  of  the  suprarenal  cortex  and  the  interstitial  cells  of  the  testes, 
Elliott  suggests  that  the  suprarenal  cortex  may  have  something  to 
do  with  growth  and  sexual  maturation. 


Relative  Depths  of  the  Layers  of  Cortex  at  Various 
Ages  2  (see  Fig.  48,  facing  p.  189). 


Age. 

Cortical  Rim. 
(A.) 

Foetal  Cortex. 
(B.) 

Weight  of 
One  Gland. 

Foetal — 

mm. 

mm. 

gm. 

3rd  month  - 

- 

0-18 

0-90 

7th 

- 

0-23 

0-75 

,  .  , 

Full  term 

- 

0-34 

M2 

2*2 

Anencephalic, 

full  term- 

0-42 

.  .  . 

0-32 

Exophthalmic 

goitre, 

0-38 

M2 

2*3 

full  term 

Post-?iatal — 

12  days 

- 

0-47 

0-76 

T8 

5  weeks 

- 

0-57 

0*57 

.  .  . 

8  „ 

- 

0-66 

0-19 

.  .  • 

12  „ 

- 

0-76 

0-19 

•  •  • 

21  „ 

- 

0-6 

0-09 

T5 

36  ., 

- 

0-76 

0-04 

.  .  • 

1  year  - 

- 

0-66 

2  years 

- 

0-76 

Adult  - 

'  ' 

0-95 

... 

4  5 

That  the  cortex  is  concerned  with  growth  and  sexual 
development  is  seen  from  the  cases  of  precocious  sexual  develop¬ 
ment  in  children  which  are  associated  with  tumours  of  the  supra- 

1  Elliott,  Quart.  Journ.  Med.,  viii. ,  1914-15,  47. 

2  Elliott  and  Armour,  Journ.  Path,  and  Bad.,  15,  1911. 
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renal  cortex — seventeen  such  cases  have  so  far  been  reported. 
Also  in  cases  of  sexual  deficiency  it  is  said  to  be  ill  developed. 

The  Thyroid. — Hypo-  and  hyper-secretion  of  this  gland  in 
adults  result  in  myxoedema  and  exophthalmic  goitre  respectively. 
Absence  of  this  gland  in  children  is  attended  by  the  condition 
known  as  cretinism,  which  manifests  itself  ,  in  a  great  stunting  of 
growth  and  arrest  of  mental  development.  Feeding  with  thyroid 
generally  gives  marvellous  results  (Fig.  127). 

Gudernatsch,1  in  1914,  found  that  tadpoles  fed  on  large  amounts 
of  thyroid  died,  but  when  fed  on  proper  amounts,  not  only  lived, 
but  went  through  metamorphosis  on  the  eighteenth  day  instead  of 
between  the  tenth  and  thirteenth  week.  The  frogs  produced  were, 


Age  101  111  121  131 

Fig.  127. — Effect  of  Thyroid  Extract  upon  the  process  of  growth 
in  a  Cretin  {The  Practitioner). 


however,  small,  and  did  not  survive  more  than  a  few  weeks.  On 
the  other  hand,  tadpoles  fed  on  thymus  or  spleen  grew  rapidly,  but 
did  not  metamorphose.  Gudernatsch,  therefore,  concludes  that : — 

1.  The  thyroid  possesses  some  substance  which  stimulates 
differentiation,  but  is  unable  to  cause  growth. 

2.  The  thymus  and  spleen  possess  a  substance  which 
accelerates  growth,  but  is  unable  to  cause  differentiation. 

Morse  2  finds  that  the  thyroid  hormone  which  stimulates 
differentiation  is  not  the  lipoid,  because  he  obtained  the  same 
effect  with  lipoid-free  thyroid.  He  further  found  that  inorganic 


1  Amer.  Jonrn.  Anat .,  xv. ,  1914,  431. 

2  / onrn .  Biol.  Chem .,  xix.,  1914,  421. 
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iodine  is  not  the  substance  in  question,  since  feeding  experiments 
with  inorganic  iodine  (KI,  CH.J,  etc.)  gave  negative  results.  A 
protein  iodine  compound  (iodalbin),  however,  as  well  as  iodothyrin, 
gave  the  same  results  as  thyroid  itself.  Iodised  amino  acids  also 
gave  positive  results  though  not  so  pronounced. 

The  Influence  of  the  Thyroid  on  Metabolism  is  seen  from  the 
following  two  tables.  The  first  table  shows  the  effect  of  adminis¬ 
tration  of  thyroid  on  the  energy  metabolism  of  a  cretin,  and  the 
second  one  compares  the  metabolism  of  a  cretin  with  that  of 
normal  children. 


Energy  Metabolism  of  Cretin 


Date. 

Body 

Weight 

Body 
Surface 
(10'VW2) 
in  sq.  m. 

Bleat  Production  per 

24  Hours  in  Calories. 

Pulse. 

Activity. 

in  kilos. 

Total. 

Per  kilo. 

Per 
sq.  m. 

Before  i 
thyroid  J 

11-83 

0-535 

464 

39 

867 

95 

quiet 

After  1 
thyroid  ! 
for  16  days! 

10-78 

0-503 

725 

67 

1,441 

127 

very  active 

Comparison  of  Metabolism  of  Cretin  with  that  of 

Two  Normal  Infants 


Condition 
of  Child. 

Age. 

Weight 
in  kilos. 

Height 
in  cm. 

Heat  Production  per 

24  Hours  in  Calories. 

Total. 

Per  kilo. 

Per  sq.  m. 

Normal 

84  months 

7-58 

71 

435 

59 

1,140 

33 

10  „  -  - 

9-37 

74 

480 

57 

1,046 

Cretin  - 

3  years  8  months 

11-83 

85 

479 

40-5 

898 

Parathyroids. — We  ,  have  already  seen  that  removal  of  these 
bodies  gives  rise  to  tetany.  Transplantation  of  parathyroid  tissue 
from  an  animal  of  the  same  species  relieves  the  tetany. 
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Cause  of  the  Tetany. — That  the  tetany  produced  is  not  due  to 
any  condition  affecting  the  muscles  is  seen  from  the  fact  that  the 
muscular  twitching  disappears  after  section  of  the  nerves.  Further, 
the  fact  that  these  twitchings  occur  in  parathyroidectomised  animals, 
even  after  ablation  of  the  cerebrum  or  cerebellum,  proves  that  they 
are  not  dependent  upon  the  brain.  Hence  we  conclude  that 
removal  of  the  parathyroids  has  some  effect  upon  the  lower  neuron 
reflex  arcs.  As  section  of  the  posterior  roots  does  not  abolish  the 
tremors,  we  infer  that  it  is  not  the  afferent  neuron  that  is  involved, 
and  we  arrive,  by  a  process  of  exclusion,  upon  the  efferent  neuron 
as  the  unit  which  is  affected  by  the  removal  of  the  parathyroids.1 
The  probability  that  the  symptoms  are  produced  by  a  deficiency  of 
calcium  in  the  blood  has  already  been  discussed.  On  the  other 
hand,  Noel  Paton  believes  them  to  be  due  to  intoxication  by 
guanidine.  The  following  are  the  grounds  for  such  a  belief : — 

1.  Administration  of  guanidine  and  methyl  guanidine  to  normal 
animals  produces  symptoms  of  tetany. 

2.  In  clinical  and  experimental  tetany  there  is  an  increased 
amount  of  these  substances  found  in  the  blood  and  the  urine. 
Noel  Paton,  therefore,  believes  that,  while  the  parathyroids  may 
have  something  to  do  with  the  metabolism  of  calcium,  these  bodies 
also  control  the  metabolism  of  guanidine  by  preventing  its 
development  in  excessive  quantities. 

Cause  of  Death  during  Tetany. — It  has  been  suggested  by 
Ibrahim  that  death  during  an  attack  of  tetany  is  not  due  to 
asphyxia,  since  artificial  respiration,  tracheotomy,  or  intubation 
have  no  effect,  but  is  due  to  heart  muscle  spasm,  the  result  of 
vagal  irritation.  Hecht,2  however,  failed  to  detect  any  electro¬ 
cardiographic  evidence  of  vagal  tonus.  In  a  case  recently  under 
my  care,  a  polypus  of  the  vocal  cords  was  found  post  mortem, 
obstructing  the  glottis. 

The  Pituitary  Body,  or  Hypophysis  Cerebri. — The  pituitary  body 
is  so  called  because  Galen  and  Vesalius  believed  it  to  give  rise 
to  the  mucous  secretion  of  the  nose  (pituita).  At  a  later  period, 
Vieussens  and  Sylvius  believed  it  to  be  the  source  of  the  cerebro¬ 
spinal  fluid.  Although  the  function  of  this  body  is  now  known 
to  be  quite  different,  it  is  interesting  to  note  that  Cushing  found 
that  a  substance  from  this  gland  may,  under  certain  conditions, 
enter  the  nose,  and  that  the  pituitary  body  does  add  something  to 
the  cerebro-spinal  fluid.  As  regards  its  functions,  it  may  be  said 
that  the  anterior  lobe  is  associated  with  skeletal  growth,  and  the 
posterior  lobe,  as  well  as  the  pars  intermedia,  is  concerned  with 
the  production  of  a  hormone  which  has  an  action  on  unstriped 
muscle  fibres. 

1  Paton,  Finlay,  and  Watson,  Qiiart.  Journ.  Exp.  Physiol . ,  x.,  1917, 

2  Ergebn.  d.  inn.  Med.  u.  Kinderheilk ,  11,  1913, 
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The  active  principle  has  been  found  by  M‘Cord  1  in  eight  weeks’ 
bovine  foetuses,  and  by  Lewis  2  in  pigs’  foetuses.  Robertson  3  studied 
the  effect  of  pituitary  feeding  on  the  growth  of  mice.  He  found 
that  during  the  early  part  of  the  third  growth  cycle  (see  p.  247), 
i.e.,  the  sixth  to  the  twentieth  week,  such  feeding  retarded  growth, 
but  during  the  later  part  of  the  same  cycle,  i.e.,  the  twentieth  to 
sixtieth  weeks,  acceleration  of  growth  took  place.  Robertson 
claims  to  have  isolated  the  active  principle,  tethelin,  which  affects 
growth  in  the  same  way  as  the  whole  gland  or  of  the  anterior  lobe. 

Extirpation  of  the  Whole  Pituitary  Body  is  almost  invariably  fatal, 
but  partial  hypophysectomy  in  young  animals  causes  an  arrest  ol 


A  B 


Fig.  128. — ( A )  Normal  and  ( B )  hypophysectomised 
1  year  old  dog  of  the  same  litter.  The  pituitary 
body  was  removed  in  ( A )  at  the  age  of  8  weeks. 
(From  Schafer’s  “  The  Endocrine  Organs,”  after 
Aschner.) 


growth  and  failure  of  sexual  development  (the  milk  teeth  are  retained, 
the  epiphyses  do  not  unite,  the  thyroid  and  thymus  remain  enlarged, 
and  the  supra-renal  cortex  and  sexual  organs  do  not  develop) 
(Fig.  128).  In  children,  accidental  injury  of  this  body  gives  rise 
to  a  retardation  of  growth  without  arrest  of  mental  development  (as 
contrasted  with  effects  of  thyroid  deficiency).  This  condition  is 
called  infantilism,  and  is  produced  by  absence  of  supply  of  hormone 
from  the  anterior  lobe.  Removal  of  the  posterior  lobe  is  not 
followed  by  these  symptoms. 

Journ.  Biol.  Chem.,  1915,  p.  435. 

2  Ibid. ,  p.  283. 

::  Ibid.,  xxiv. ,  1916,  p.  385. 
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Hypertrophy  of  the  pituitary  in  adults  gives  rise  to  acromegaly , 
which  is  characterised  by  an  enlargement  of  the  bones  of  the 
hands,  feet,  and  face,  as  well  as  diminished  sexual  activity.  In 
children  in  whom  the  epiphyses  have  not  yet  united  with  the  shafts, 
enlargement  of  this  body  causes  a  great  increase  in  length  of  the 
bones,  leading  to  the  condition  known  as  gigantism. 

For  the  effect  of  pituitary  on  milk  secretion,  see  p.  189. 

Clark  1  found  that  pituitary  feeding  increases  the  laying  capacity 
of  hens.  Thus  he  fed  hens,  one  year  old,  at  a  time  of  the  year 
when  the  egg  production  was  diminishing,  and  found  that,  whilst 
during  the  four  days  before  feeding  with  pituitary,  655  hens  laid 
273  eggs,  the  number  was  increased  to  352  during  the  four  days 
of  pituitary  feeding.  Further,  the  fertility  of  the  eggs  was  also 
increased,  and  that  this  was  especially  so  if  both  parents  had  been 
fed  on  pituitary. 

The  Pineal  Gland. — Descartes,  in  1628,  considered  this  conical 
gland  (pinea  means  the  cone  of  a  pine  tree)  as  the  seat  of  the  soul 
on  account  of  its  central  position  in  the  brain.  Embryologically,  it 
is  the  remains  of  the  pineal  eye  in  reptiles. 

Functions. — The  first  case  of  a  teratomatous  tumour  of  this 
gland  in  a  boy  seven  years  old  was  recorded  in  1896  by  Gutzeit.2 
That  boy  was  sexually  precocious.  Since  then,  something  like 
seventy  such  tumours  have  been  reported.  Out  of  these,  only  five 
were  associated  with  precocious  sexual  development,  and  only  seven 
with  excessive  growth. 

Extirpation  of  the  gland  was  performed  in  rabbits  by  Sarteschi 
in  1910;  in  dogs  by  Biedl  in  1910;  in  puppies  and  guinea-pigs  in 
1913  (Sarteschi);  and  in  chickens  by  Foa  in  1912-1914.  The 
results  were  negative  (in  those  cases  that  survived  the  operation), 
except  in  fowls,  which  became  sexually  active  six  to  eleven  weeks 
before  the  controls. 

In  1914  Adler  3  extirpated  the  pineal  glands  in  850  tadpoles, 
and  studied  the  effects  of  the  operation  upon  the  metamorphosis 
from  the  tadpole  to  the  frog,  which  normally  occurs  at  about  ten 
to  thirteen  weeks.  He  found  that,  in  the  small  number  which 
survived  the  operation,  metamorphosis  occurred  at  the  normal  time. 
Post-mortem  examination  of  the  frogs  two  months  later  failed  to 
reveal  any  changes  in  the  thyroid,  hypophysis,  thymus,  or  sexual 
organs. 

Pinealectomy  in  young  dogs  (ten  to  twelve  days  old)  and  in 
young  guinea-pigs  two  to  seven  days  old,  was  performed  by  Dandy  4 
and  Horrax  5  respectively.  The  results  were  mainly  negative. 

1  fourn.  Biol.  Chem xxii.,  1915,  485. 

2  Dissert.,  Konigsberg,  1896. 

3  Arch.  f.  Entwickl.  Mech. ,  xl.,  1914,  1. 

4  Joum.  Exp.  Med.,  xxii.,  1915,  ‘2. 

5  Arch.  Int.  Med.,  xviii.,  1916,  607. 
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Injection  of  Pineal  Extracts  into  animals  was  done  by  Howell  in 
1908,  Dixon  and  Halliburton  in  1910,  Jordan  and  Eyster  in  1911, 
and  Ott  and  Scott  in  1912. 

The  results  were  negative  in  all  cases.  Horrax  and  M‘Cord, 
however,  obtained  a  fall  of  blood  pressure. 

The  results  of  feeding  animals  on  pineal  gland  have  also  been 
studied.  Dana  and  Berkely  (quoted  by  Horrax)  1  found  that  young 
guinea-pigs,  kittens,  and  rabbits  fed  with  this  gland  gained  weight 
more  rapidly  than  control  animals.  They  also  found  increased 
mental  progress  in  cases  of  mentally  defective  children  (including 
Mongols)  fed  on  this  substance.  M‘Cord  found  that  the  rapid 
gain  in  weight  in  cases  of  animals  fed  on  pineal  gland  only  occurs 
if  the  glands  are  derived  from  young  animals.  When  the  glands 
came  from  mature  cattle,  no  abnormal  gain  in  weight  occurred. 
This  would  seem  to  show  that  the  pineal  body  is  chiefly  active  in 
young  animals. 

The  Thymus. — This  gland  has  a  double  interest  to  the  pedia¬ 
trician  :  (1)  It  atrophies  during  early  childhood.  (2)  Enlargement 
of  this  structure  may  give  rise  either  to  partial  compression  of  the 
trachea,  with  embarrassment  of  breathing  (thymic  asthma),  or  to 
complete  obstruction  of  the  trachea,  resulting  in  sudden  death 
( mors  thymica  and  status  lymphaticus). 

That  the  thymus  disappears  as  the  individual  grows  older  was 
known  to  Galen,  but  as  to  the  exact  age  at  which  it  begins  to 
atrophy  opinions  are  still  divided.  Thus,  while  some  believe  that 
it  begins  to  disappear  at  birth,  others  maintain  that  it  persists  till 
the  age  of  fifteen  or  even  twenty-five  years.  The  general  belief, 
however,  is  that  the  gland  attains  its  maximum  size  at  about  two 
or  three  years,  after  which  it  begins  to  diminish,  and  finally 
disappears  at  puberty.  The  standard  work  on  the  anatomy  of 
this  organ  is  the  sixty  years’  old  classical  monograph  of  Friede- 
leben,2  although  his  findings  cannot  be  accepted  now  as  strictly 
accurate. 

Amongst  others  who  occupied  themselves  with  the  anatomy  of 
this  gland  may  be  mentioned  Hansen,3  Thiesethau,4  Davidoff,5  and 
Kasarinoffi.6  Schkarin 7  investigated  the  thymus  with  special 
reference  to  the  question  of  thymic  asthma,  and  reviewed  the  work 
of  other  observers  like  Marfan,  Lange,  Benecke,  and  others. 

The  following  table  has  been  compiled  by  Gundobin  from 
Kasarinoff’s  and  Schkarin’s  data  : — 


1  Jour n.  Amer.  Med.  Assoc.,  xv.,  1915,  517. 

2  “Gland  Thymus,”  Frankfurt  a.  M.,  1858. 

3  Dissert.,  Kiel,  1894. 

4  Dissert.,  Halle,  1893. 

5  Dissert.,  St  Petersburg,  1894. 

6  Ibid.,  1899.  Mb  id.,  1903 
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Age. 

Weight  of 
Body  in  Gm. 

Weight  of 
Thymus  in  Gm. 

Length. 

Breadth. 

Thickness 
in  Cm. 

At  birth  - 

3,190 

11 -7 

7  9 

7-9 

-  V 

L7 

1  year 

8,840 

6'6 

6*6 

5-3 

LI 

2  years 

12,270 

8-1 

8-0 

3-0 

L6 

3  „ 

13,900 

10-2 

7-4 

5-1 

1-4 

4  „ 

13,600 

7*3 

7*5 

5 

FI 

9  „ 

19,000 

11 

8 

6 

1-5 

10  „  -  - 

26,000 

13 

8 

6 

1*5 

Adult 

8-2 

5-9 

5-6 

1-5 

The  measurements  of  Friedeleben,  Kasarinoff,  and  Schkarin 
show  that  the  weight  of  the  gland  varies  not  only  with  the  age  but 
with  the  general  development  of  the  individual ;  it  being  greater 
in  well-nourished  than  in  emaciated  children.  According  to 
Friedeleben,  the  thymus  is  usually  absent  in  anencephalic  monsters, 
but  Kasarinoff  found  in  one  such  case  a  thymus  weighing  as  much 
as  15  gm.  That  there  is,  however,  a  relationship  between  the 
thymus  and  the  brain  is  suggested  by  the  observations  of  Katz  and 
Bourneville,  already  referred  to.  (See  Chap.  XIII.) 

Thymic  Asthma. — That  enlargement  of  the  thymus  may  give 
rise  to  dyspnoea  (with  inspiratory  stridor)  has  been  disputed  by 
certain  authorities,  but  the  fact  that  in  such  cases  total  or  partial 
resection  of  the  gland  has  resulted  in  relief  or  cure  leaves  no  doubt 
about  the  relationship  between  hypertrophy  of  this  gland  and 
respiratory  embarrassment.  Klose  and  Sokoloff1  have  collected  a 
number  of  cases  that  have  been  successfully  cured  by  complete  or 
partial  removal  of  this  gland.  The  ages  of  the  children  varied 
between  three  weeks  and  two  and  a  half  years.  Evidence  of  thymic 
enlargement  is  elicited  by  percussion  as  well  as  by  X-rays.2  Status 
lymphaticus  is,  according  to  M‘Neil,3  an  anaphylactic  phenomenon. 

The  Internal  Secretion  of  the  Thymus. — We  have  already  seen 
that  the  secretion  of  this  gland  has  a  restraining  influence  on  the 
development  of  the  sexual  organ.  According  to  Klose  and  Vogt,4 
and  Matti,5  thymectomy  gives  rise  to  stunted  growth,  well- 
developed  rickets,  and  marked  changes  in  the  thyroid  and  supra¬ 
renal  bodies.  Pappenheimer  and  Nordmann,6  on  the  other  hand, 

1  Arch,  f  Kinderheilk ,  55,  1911,  1. 

2  Edin.  Med.  J ourn .,  xiii.,  1914,  38,  120. 

3  For  the  most  recent  work  on  the  thymus,  thymic  death,  and  thymic  asthma, 
see  Hausmar,  J.  A. ,  Zeilschr.f.  Kinderheilk,  xiii.,  1916,  153. 

4  Beitr.  z.  Klin.  Chir.,  69,  1910,  p.  1. 

5  Ergebn.  d.  inn.  Med.  u.  Kinderheilk,  x.,  1913,  1. 

*  [ourn.  Exp.  Med.,  xx.,  1914,  477. 
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failed  to  find  disturbance  of  growth  or  development,  or  any  other 
pathological  changes  in  thymectomised  rats  aged  three  wreeks  or 
less.  Indeed,  Nordmann  actually  removed  both  the  thymus  and 
spleen  in  one  case  with  negative  results.  Adler1  extirpated  the 
thymus  in  tadpoles,  and  failed  to  arrest  their  metamorphosis.  He 
found,  however,  enlargement  of  the  testicles  and  thyroid.  Tongu 
of  Tokyo,2  in  1915,  transplanted  the  thymus  into  the  peritoneal 
cavity  of  thymectomised  dogs  and  rabbits,  but  his  results  were  not 
satisfactory  on  account  of  the  absorption  of  the  graft.  Evelyn 
Hewer3  found  that  thymus  feeding  of  male  and  female  parent  rats 
produced  marked  retardation  in  the  sexual  maturity  of  the  offspring. 
Fenger4  found  that  the  foetal  thymus  contains  nuclei  bodies  and 
phosphates  in  the  same  proportion  as  the  glands  in  early  post-natal 
life,  suggesting  that  the  thymus  is  active  at  least  eight  months 
before  birth.  He  further  finds  that  the  foetus  possesses  more 
thymus  per  unit  body  weight  than  animals  after  birth. 

1  Loc .  cit . 

2  Quoted  by  Park,  Amer.  J.  Dis.  Childr. 

3 Journ.  Physiol.,  xlviii.,  1914,  p.  479. 

4  Journ.  Biol.  Chem. ,  xx. ,  1915,  115. 


CHAPTER  XXXIX 


PUBERTY  OR  ADOLESCENCE 

“We  may  regard  adolescence  as  a  main  node  on  the  ascending  curve  of 
development.  When  childish  ways  and  childish  things  are  'jJut  away,  when 
juvenile  characters  are,  for  the  most  part,  slipped  off,  as  a  crab  slips  off  its  shard, 
when  adult  characters  are  gradually  put  on,  when  the  life  begins  to  take  definitive 
shape,  when  the  limit  of  growth  comes  within  sight,  and  when  sex -impulses,  at 
first  mere  passing  whispers,  compel  a  hearing  to  their  mingled  voices.” 

Geddes  and  Thomson.1 

By  puberty  is  understood  the  period  of  development  at  which  the 
individual  becomes  sexually  mature,  i.e.,  when  the  reproductive 
glands  begin  to  form  spermatozoa  or  ova.  This  period,  which 
begins  generally  at  about  fifteen  in  boys  and  fourteen  in  girls,  is 
accompanied  by  many  physical  and  psychological  changes. 

Physical  Changes. 

(a)  Boys. — Hair  begins  to  grow  on  the  face,  pubes,  and  other 
parts  of  the  body.  The  transverse  diameter  of  the  thorax  increases, 
rendering  the  boy  broad-shouldered,  and  with  it  the  capacity  of 
the  lungs  increases.  The  epiphyses  of  the  long  bones  begin  to 
unite  with  their  shafts.  The  vocal  cords  grow  very  rapidly  in 
length,  causing  the  break  in  the  voice  (the  voice  becoming  practi¬ 
cally  an  octave  lower,  because  the  cords  become  nearly  double  in 
length). 

( b )  Girls. — Pubic  hair  appears ;  the  breasts  become  larger, 
more  prominent,  and  firmer ;  the  pelvis  widens  in  all  diameters ; 
the  external  genitals  become  larger,  darker,  and  more  vascular. 

Menstruation  becomes  established.  The  voice  becomes  more 
resonant  and  fuller,  but  does  not  break  as  much  as  in  the  boy, 
because  the  growth  of  the  larynx  is  more  in  a  vertical  than  in  a 
transverse  direction. 

Psychological. — The  mind  undergoes  alteration  in  three  direc¬ 
tions,  viz.,  the  will,  the  intellect,  and  the  emotions. 

(a)  The  will.  This  becomes  temporarily  more  or  less  un¬ 
balanced,  resulting  frequently  in  hysteria  and  other 
neuroses  or  psychoses. 
ill)  The  intellect  generally  broadens. 

1  “Sex,”  London,  1914,  pp.  117  and  119. 
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(< c )  The  emotions,  like  the  will,  become  more  unstable,  and 
she  manifests  a  greater  sense  of  modesty,  although 
at  the  same  time  she  shows  a  greater  inclination  to 
male  company. 

Internal  Changes. — The  uterus  develops  rapidly,  the  Fallopian 
tubes  become  longer,  the  ovaries  begin  to  discharge  ripe  ova  (i.e., 
menstruation  sets  in),  and  thus  render  the  girl  capable  of  reproduc¬ 
tion — although  anatomically  not  yet  fit  for  it,  on  account  of  the 
imperfect  development  of  the  pelvis.  The  vagina  becomes  longer, 
and  its  mucous  membrane  becomes  rugous. 

In  both  sexes  the  thyroid  becomes  somewhat  larger,  the  heart 
becomes  definitely  larger,  and  instead  of  increasing  6-7  per  cent, 
every  year,  increases  at  puberty  by  20  per  cent. 

Puberty  begins  earlier  in  girls  than  in  boys,  although  the  age 
of  onset  varies  with  race  and  climate,  heredity,  condition  of  life. 
Thus,  as  far  as  menstruation  is  concerned,  Jews  and  most  Oriental 
people  menstruate  early.1  The  Aryans  and  Slavs  menstruate  late. 
The  Hindus  and  other  inhabitants  of  warm  climates  menstruate 
early  (twelve  years),  whilst  in  Greenland  puberty  begins  at  seven¬ 
teen  to  twenty-three  years,  and  some  Esquimaux  menstruate  only 
in  summer.  The  daughters  of  mothers  who  menstruated  early, 
themselves  menstruate  early. 

Reproductive  Organs. 

In  addition  to  their  function  of  forming  spermatozoa  and  ova 
respectively,  the  testes  and  ovaries  give  rise  to  an  internal  secretion. 
Thus,  the  secondary  sex  characters  of  an  individual,  both  physical 
and  psychical,  which  normally  occur  at  the  onset  of  puberty,  /.<?.,  at 
the  time  ripe  spermatozoa  or  ova  are  produced  in  the  genital  glands, 
are  due  to  hormones,  which  are  discharged  by  these  glands  into 
the  blood.  Castration  of  an  animal  after  puberty  leads  to  impotence 
and  atrophy  of  the  accessory  genital  organs  (viz.,  prostate,  vesiculse 
seminales,  and  penis).  Castration  before  puberty  disturbs  or 
inhibits  the  establishment  of  the  typical  male  characters,  and  the 
long  bones  continue  to  grow,  e.g.,  in  eunuchs,  as  the  result  (as  has 
been  shown  by  X-rays)  of  their  delayed  ossification.2  The  growth 
of  hair  on  the  face  and  pubes  becomes  arrested,  and  the  breaking 
of  the  voice  (due  to  elongation  of  the  vocal  cords)  does  not  occur. 
On  the  other  hand,  the  grafting  of  testicles  upon  other  parts  of  the 
body  calls  forth  the  secondary  male  characters.3  In  the  female, 
extirpation  of  the  ovaries  after  puberty  will  produce  all  the  signs 
and  symptoms  of  the  menopause,  viz.,  cessation  of  menstruation, 

1  See  W.  M.  Feldman,  “  The  Jewish  Child,”  p.  238. 

2  Biedl,  “Die  innere  Sekretion,”  1903. 

3  Berthold,  Arch,  f  Physiol.,  1849. 
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atrophy  of  the  uterus  and  other  genital  organs,  and  the  occurrence 
of  the  typical  nervous  phenomena.  In  such  cases  benefit  frequently 
results  from  the  administration  of  ovarian  extracts,  or  from  trans¬ 
planting  of  ovarian  tissue  (see  p.  637). 

Removal  of  the  ovaries  before  puberty  will  prevent  the 
establishment  of  menstruation,  as  well  as  the  development  of  the 
breasts.  Again,  tumours  of  the  testicles  or  ovaries  in  children 
give  rise  to  abnormal  growth  and  premature  sexual  development, 
and  these  symptoms  disappear  after  such  tumours  have  been 
removed.  It  is  even  stated  that  a  testicle  grafted  into  a  female 
will  produce  in  her  male  characters  (see  below  under  3). 

The  most  recent  experiments  in  connection  with  the  internal 
secretion  of  the  testes  were  carried  out  by  Steinach  in  1910.1  He 
removed  the  testes  from  frogs,  and  he  found  that  the  “  clasp-reflex  ” 
was  abolished.  After  an  interval  of  several  days,  he  injected  testicular 
extract  into  the  dorsal  lymph  sac,  and  the  reflex  reappeared  for  a 
few  days.  The  hormone  calling  forth  this  reflex  is  present  in  the 
testes  only  during  the  breeding  season.2 

The  ovaries  also  seem  to  exercise  a  peculiar  influence  upon 
osseous  growth.  In  cases  of  osteo-malacia  (a  disease  characterised 
by  a  softening  of  the  bones)  removal  of  the  ovaries  arrests  the 
disease.  Further,  it  is  found  that  tall  girls  begin  to  menstruate 
earlier  than  short  ones.  According  to  Schafer,  the  ovaries  contain 
two  autacoids,  viz.,  a  hormone  which  increases  the  contractibility  of 
plain  muscle,  and  a  chalone  which  inhibits  it. 

The  hormones  responsible  for  the  development  of  the  sexual 
characters  are  derived  from  the  interstitial  cells  of  the  testes  (cells 
of  Leydig)  or  of  the  ovary,  and  not  from  the  reproductive  cells. 
That  this  is  so  is  practically  certain  from  the  following  facts  : — - 

1.  Impotence  often  results  in  individuals  constantly  exposed  to 
N-rays,  but  in  spite  of  this  their  secondary  sexual  characters  are 
not  in  any  way  affected.  Similarly,  in  cryptorchids,  or  after 
ligation  of  the  vas  deferens,  the  spermatogenetic  cells  are  absent  or 
destroyed,  but  the  interstitial  cells  remain  unaffected,  and  the  develop¬ 
ment  of  the  secondary  sexual  characters  is  not  interfered  with 
(Bouin  and  Ancel).3 

2.  Extracts  of  testicular  interstitial  cells  injected  subcutaneously 
into  castrated  guinea-pigs  arrests  the  effects  upon  the  secondary 
sexual  characters,  which  normally  follow  castration  (Bouin  and 
Ancel).4 

3.  When  testicles  are  transplanted  into  castrated  female 

1  Zentralbl.  Physiol .,  24,  1910,  551. 

2  ‘‘The  Endocrine  Organs,”  London,  1917,  p.  141. 

3  Arch,  de  Zool.  Exper .,  i.  (4th  Series),  1903. 

4  Compt.  Rend,  de  P Acad,  des  Sciences ,  cxlii.,  1906. 
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animals,  they  cause  the  females  to  assume  the  secondary  sexual 
characters  of  the  male  without  giving  rise  to  spermatozoa. 

In  such  cases  the  interstitial  cells  become  pronounced. 
Similarly,  the  transplantation  of  ovarian  tissue  into  castrated  male 
rats  results  in  the  assumption  of  female  characters,  even  if  the 
follicles  are  atrophied  in  the  graft  (Steinach).1  Marshall  and  Jolly, 
as  well  as  Guthrie,  have  shown,  however,  that  grafts  from  animals 
of  the  same  litter  give  better  results  than  those  from  non- 
consanguineous  animals,  and  that  grafts  from  animals  of  a  different 
species  (heteroplastic  grafts)  may  fail  to  give  any  results  at  all.2 
Tuffier3  transplanted  ovarian  tissue,  both  autoplastically  as  well  as 
heteroplastically,  into  130  women,  in  whom  he  had  removed  both 
ovaries,  and  found  that  the  symptoms  of  the  menopause  were  greatly 
modified  if  part  of  the  uterus  was  left  behind,  but  not  if  the  uterus 
had  been  completely  removed.  This  shows  that  there  is  some 
relation  between  the  ovarian  secretion  and  the  uterine  mucosa.  It 
is  for  this  reason  that  the  success  of  the  grafting  operation  varies 
with  the  age  of  the  patient,  and  may  be  nil  after  the  natural 
menopause. 

Heape4  believes  that  every  individual  possesses  the  secondary 
sexual  characters  of  both  sexes,  but  that  the  sexual  glands  suppress 
or  exert  an  inhibitory  action  on  the  characteristics  of  the  sex  to 
which  the  animal  does  not  belong.  Weiniger  is  of  the  same  opinion. 
This  explains  the  existence  of  effeminate  men  and  of  masculine 
women,  although  they  are  perfectly  developed  as  far  as  their 
reproductive  organs  are  concerned. 

Precocious  Puberty . — Puberty  may  occur  at  a  very  premature 
age,  eg .,  before  the  age  of  eight  or  nine  years.  In  girls  such  sexual 
precocity  is  always  due  to  some  tumour  or  hyperplasia  of  the 
ovaries,  but  in  boys  this  may  be  due  not  only  to  neoplasms  or 
hypertrophy  of  the  testicles,  but  also  to  similar  disease  of  the  supra¬ 
renal  cortex,  the  pineal,  or  pituitary  body. 

Phe  Corpus  Luteum . — Beard,5  in  1897,  and  Prenant,6 7  in  1898, 
were  the  first  to  suggest,  independently,  that  the  corpus  luteum 
acted  as  a  ductless  gland,  and  that  its  function  was  to  prevent 
ovulation  during  pregnancy.  Prenant  also  believed  that  this  body 
was  concerned  with  the  function  of  preserving  the  circulation  of 
the  ovary.  This  latter  function  is  now  believed  to  be  carried  out 
by  the  interstitial  cells. 

The  view  that  is  now  generally  held,  that  the  corpus  luteum 

1  Pfliigers  Arch.,  1912;  Zeitschr.  f  Physiol .,  1913. 

2 Jour n.  Exper .  Med.,  1910. 

3  Rev.  de  Gyn.  et  de  Chir.,  abd.,  1912  ;  Journ.  de  Chir. ,  1913. 

4  Quart.  Jown.  Microsc.  Science,  1900  ;  Proc.  Roy.  Soc .,  1905. 

5  “The  Span  of  Gestation  and  the  Cause  of  Birth,”  Jena,  1897. 

6  Rev,  Ghi.  des  Sciences ,  1898. 
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is  an  internal  secretory  gland,  whose  secretion  assists  in  the 
embedding  and  attachment  of  the  fertilised  ovum  to  the  uterine 
mucosa,  was  first  suggested  by  Born,  at  whose  suggestion  Ludwig 
Fraenkel 1  carried  out  a  series  of  experimental  investigations  upon 
rabbits  in  order  to  confirm  or  refute  the  theory.  Fraenkel  removed 
the  ovaries  during  the  earliest  periods  of  pregnancy,  viz.,  between 
the  first  and  sixth  day  after  coitus  (the  total  duration  of  pregnancy 
in  rabbits  being  thirty  days),  and  he  found,  after  subsequently 
killing  the  animals,  that  the  impregnated  ovum  either  failed  to  be 
embedded,  or  lost  its  attachment  to  the  uterus  in  every  case.  In 
other  experiments  he  merely  destroyed  the  corpora  lutea  with  an 
electric  cautery  without  interfering  with  the  other  parts  of  the 
ovaries,  and  the  results  were  similar  to  those  in  which  the  ovaries 
were  removed.  As  control  experiments  he  performed  unilateral 
ovariotomy,  or  cauterised  some  only  of  the  corpora  lutea  without 
destroying  all  of  them,  and  in  the  majority  of  cases  the  pregnancy 
continued  uninterruptedly. 

As  further  evidence  in  support  of  Fraenkel’s  view  the  following 
facts  may  be  mentioned  : — 

1.  In  certain  pathological  conditions  of  the  fertilised  ovum,  e.g, 
in  chorion-epithelioma,  lutein  cysts  are  often  found  in  both  ovaries. 

2.  Aschner2  found  a  lipoid  substance  in  the  corpus  luteum, 
extracts  of  which,  when  injected  into  guinea-pigs,  caused  great 
vascularisation  of  the  uterine  mucosa. 

3.  Exposure  of  the  ovaries  to  X-rays  causes  atrophy  of  the 
Graafian  follicles,  as  well  as  of  the  corpora  lutea,  with  resulting 
sterility. 

4.  In  extra-uterine  pregnancy  the  uterine  mucosa  goes  through 
the  usual  changes  in  spite  of  the  absence  of  an  ovum  in  the  uterus. 
It  is  to  be  noted,  however,  that  in  spite  of  these  experiments  and 
observations,  the  results  cannot  be  accepted  as  altogether  applicable 
in  the  case  of  women.  Clinical  experience  shows  that  extirpation 
of  both  ovaries  during  the  early  periods  of  pregnancy  in  women  is 
not  necessarily  followed  by  abortion.  Further,  the  application  of 
X-rays  during  pregnancy  does  not  cause  abortion. 

For  further  information,  see  Marshall’s  “Physiology  of  Repro¬ 
duction,”  London,  1910. 

For  the  physiology  of  menstruation  the  reader  is  referred  to 
books  on  obstetrics  or  gynaecology,  e.g,  Eden  and  Lockyer’s 
“System  of  Gynaecology,”  vol.  i.,  London,  1917.  Marshall’s 
“  Physiology  of  Reproduction  ”  gives  a  detailed  comparative 
account  of  the  subject. 

1  Arch.f.  Gyncec . ,  1903  and  1910;  Zeitschr.  f  Geb.  und  Gyn.,  1910. 

2  Arch.  f.  Gyncec .,  1913. 
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POST  NATAL  GROWTH 


“Nature  conducts  us,  by  a  regular  and  insensible  progression,  through  the 
different  seasons  of  human  life,  to  each  of  which  she  has  annexed  its  proper  and 
distinguishing  characteristic.”  Cicero  (“  De  Senectute  ”). 


We  have  seen  in  the  previous  chapters  that,  according  to  Robertson, 
the  processes  of  growth  in  general  obey  the  laws  which  are 
peculiar  to  an  autocatalytic  reaction ;  a  reaction,  that  is  to  say,  in 
which  one  or  more  of  the  products  of  the  reaction  acts  as  a 
catalytic  agent,  which  increases  the  velocity  of  the  reaction.  The 
curve  of  such  a  reaction  is  generally  S-shaped.  We  have  further 
seen  that  for  growth  to  take  place  the  food  supply  must,  in  addition 
to  its  digestibility  and  absorbability,  fulfil  the  following  requisites, 
viz.  : — 

( a )  It  must  be  of  the  proper  calorific  value. 

(fi)  It  must  contain  the  proper  proportion  of  protein,  fat,  carbo¬ 
hydrate,  water,  and  salts. 

[c]  The  protein  must  contain  the  necessary  amino  acids  or 
building  stones  required  for  growth. 

id)  It  must  contain  vitamines. 

In  this  chapter  we  shall  consider  in  greater  detail  the  variations 
in  length  and  weight  of  children  of  the  same  ages,  and  the  causes 
of  such  variations,  the  relation  between  height  and  weight,  and 
lastly,  the  rates  of  growth  of  various  parts  of  the  body. 


Variations  in  Length  and  Weight. 


Even  such  early  philosophers  as  Pliny  and  Aristotle  had  pretty 
accurate  ideas  regarding  the  growth  of  children,  but  the  Belgian 
astronomer  and  mathematician,  Quetelet,1  was  the  first  to  subject 
the  growth  of  the  body  to  mathematical  analysis.  He  believed 
that  the  variations  in  length  of  adults  of  the  same  age  groups 
followed  the  law  of  the  frequency  curve  or  curve  of  probability, 
whose  equation  is — 


y= 


h 


- 


1  “Sur  l’homme  et  le  developpement  de  les  facultes,”  Bruxelles,  1836. 
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where  y  and  x  are  the  rectangular  co-ordin-ates,  tt  and  e  are  the 
usual  constants  (344109  and  2*71828  respectively),  and  h  the 
parameter  of  the  curve. 

In  1888  Geissler  and  Uhlitzsch  found  that  the  variations 
in  growth  in  length  of  school  children  followed  the  same  law. 
This  was  confirmed  recently  by  Riedel 1  (working  under  the 
direction  of  Pfaundler),  who  examined  3,716  schoolboys.  The 
following  is  an  example  of  his  findings  in  the  case  of  pupils  six 
years  old : — 


Height  in  Cm. 

Number  of  Boys  per  1,000. 

Actually  Found. 

Calculated  from 
the  Equation. 

% 

961-  98i 

6*17 

8-03 

981-100J 

17*64 

17*41 

1001-1021 

37*03 

33*79 

1021-1041 

70*55 

57*85 

1041-1061 

79*37 

87-27 

1061-1081 

125*22 

116*00 

1081-1101 
1101  H2i 

132*28 

149*02 

135*19 

140*27 

1121-1141 

133*16 

127*51 

114-1-1161 

116|-118i 

109*35 

61*73 

10246 

72*24 

1181-1201 

33*50 

44-95 

1201-1221 

19*37 

24*66 

1221-1241 

13*22 

11*90 

1241-1261 

4*40 

3*20 

961-126-1 

992*01 

983*16 

i 

The  accompanying  illustration  shows  the  graph  of  the  curve  as 
actually  found,  and  as  calculated  (see  Fig.  129). 

The  deviation  of  the  value  983*16  from  1,000  is  due  to  the 
fact  that  some  children  had  a  height  of  less  than  96J,  and  others 
of  more  than  126J  cm. 

Skibinski  2  found  the  same  to  hold  true  for  growth  in  weight , 
although  he  showed  that  environmental  conditions  had  a  greater 
influence  upon  the  weight  than  upon  the  length  of  the  child 
(see  p.  644). 

1  Dissert.,  Munchen,  1913.  2  Ibid,  1914. 
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Fig.  129. — Theoretical  (smooth)  and  actual  (irregular) 
Height  Curves  for  children  aged  6  years. 


Growth  in  Length  or  Height. 

The  average  length  of  a  new-born  child  is  about  50  cm.  ( =  20  in.). 
It  is  therefore  approximately  three-tenths  of  the  full  length  of  an 
adult.  A  child  reaches  half  its  full  future  length  at  about  the  age 
of  three  years.  Quetelet  determined  the  lengths  of  children  from 
birth  upwards  until  they  reach  puberty.  His  table  is  shown  below. 
From  this  it  can  be  seen  that  the  greatest  growth  in  length  occurs 
during  the  first  year.  It  then  gradually  gets  less. 

Quetelet  has  given  the  following  empirical  formula  for  the  length 
of  the  body  at  any  age 

,  y  ,  l  +  x 

},+woo(h-yrax +i+f 

Where  a:  =  Age. 

y  =  Length  at  that  age. 

/=  „  at  birth  (  =  50  cm.). 

L  =  ,,  when  fully  grown  (=  168*4  cm.). 

a  =  The  average  increase  in  length  from  the  fourth  to 
the  fifteenth  years  (  =  5*45  cm.). 

These  constants  are,  of  course,  different  for  different  races, 
climates,  etc. 
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The  following  table  compares  the  length  at  any  age  between 
birth  and  twenty-five  years  with  that  calculated  at  the  same  age 
from  the  above  formula.  The  agreement  is  excellent. 


Age  in 
Years. 

Observed 
Length 
(in  cm. ). 

Calculated 
Length 
(in  cm. ). 

Difference. 

Absolute 
Increase  in 
Length. 

Relative 

Increase. 

0 

50-0 

50-0 

0 

1 

69-8 

69-8 

0 

19-8 

0-396 

2 

796 

79-1 

+  0-5 

9-3 

0-133 

3 

86-7 

86-4 

+  0-3 

7-3 

0-0922 

4 

930 

92-8 

+  0-2 

6-4 

00736 

5 

98-6 

98-8 

-  0-2 

6-0 

0-0646 

6 

104-5 

104-7 

-0-2 

5-9 

0-0597 

7 

110-5 

... 

5-8 

0-0554 

8 

116-0 

116*2 

-0-2 

5-7 

0-09516 

9 

122-1 

121-9 

+  0-2 

5-7 

0-0490 

10 

128-0 

127-5 

+  0-5 

5-6 

0-0459 

15 

154-9 

154-6 

+  0-3 

25 

167-5 

168-0 

The  Length  Curve. 

The  length  curves  of  various  persons  from  birth  onwards  show 
individual  differences,  but  when  taken  as  a  whole  they  exhibit 
remarkable  similarity,  showing  that  they  all  belong  to  the  same 
type  of  curve. 

It  was  at  first  believed  by  Wiener,  in  1890,  that  this  curve  was 
of  the  form  of  a  parabola  of  the  equation  y2  =  a{x  +  d').  This  was 
confirmed  in  1903  by  Lange.  Reinus,1  who  reinvestigated  the 
subject,  found  that  the  theory  that  the  curve  of  growth  in  length 
is  of  the  form  of  a  parabola  is  untenable. 

Pfaundler2  finds  that  the  length  curve  from  birth  to  puberty 
agrees  with  the  empirical  equation  x  =  ny^,  where  .v  =  the  conceptio?ial 
age  in  years  (/.<?.,  the  age  from  the  moment  of  conception,  and 
not  from  the  moment  of  birth),  y  —  length  in  metres,  and  n  —  a 
constant  =  4*75. 


Thus,  Pfaundler  gives  the  following  examples  : — 

1.  A  boy,  aged  eight  years,  has  a  conceptional  age  8 ’75  years, 
the  formula  x  =  nys  we  have  8 -75  =  4-75  y3. 


8-75 

4-75 


—  1  74. 


Whence  y—  'V 1  *74  =  1  '23  metres. 


(The  average  length  actually  found  by  Camerer  is  T20  metres.) 


Hence  from 


1  Quoted  by  Pfaundler,  Zeitschr.  f.  Kinderheilk ,  1G,  11)  6. 

2  Ibid , 
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2.  At  one  year  old  a  boy  has  a  conceptional  age  of  175  years.  Hence 
1-75  =  4-75  /*. 

.  jj/3  =  0'36.  Whence  0*72  metre  (which  is  practically  the  average  age 

of  a  child  one  year  old). 

Relation  between  Length  and  Weight,  and  Weight  and  Age. 

Since  the  conceptional  age  is  proportional  to  the  cube  of  the 
length,  which  latter  is  proportional  to  the  weight,  we  obtain  the 
following  results : — 

Age  (A)  =  ?z/3  (where  l—  length), 
p  —  mw  (where  w  —  weight  and  m  —  another  constant). 

Age  =  nmw ,  whence  w  =  —  . 

nm 

In  other  words,  the  weight  of  an  individual  is  proportional  to 
his  conceptional  age.  Pfaundler  gives  the  following  table,  in 
which  the  agreement  between  the  actual  and  calculated  weights 
is  very  close  : — 


\ge  from  Birth. 

Concep¬ 

tional 

Age 

(A) 

in 

Years. 

Length 

in 

Metres 

Weight  as 
Found  (W) 
in  Kg. 

m. 

L  . 

—  5  t.6.  ) 

nm 

1 

4  "5  m 

Weight  as 
Calculated 
from 
Formula 

w-  A 

nm 

in  Kg. 

3  months*! 

0*225 

0*080 

0,020-10-3 

25*60 

8*224*10-3 

6 

1 

0*450 

0-310 

0,635*10-3 

46-91 

4*987*10-3 

8 

*  foetal 

j  5  I 

0*600 

0*420 

2,100-10-3 

36*10 

5*831*10-3 

10 

55  1 

0*750 

0*508 

3,300*10-3 

39-73 

5*300*10-3 

3,975-10-3 

1 

month  - 

0*833 

0*548 

4,250-10-3 

38*72 

5*437*10-3 

4,534-10-3 

2 

0*916 

0-584 

4,950*10-3 

40*24 

5*232-10-3 

4,793*10-3 

3 

5  5 

1*000 

0*614 

5,600-10-3 

41*33 

5*092-10-3 

5,092*10-3 

6 

1-250 

0*665 

7,250*10-3 

40*56 

5*190-10-3 

6,488*10-3 

9 

1*500 

0*705 

8,600*10-3 

40*74 

5-1 671 0-3 

7,750-10-s 

1 

year 

1-750 

0*740 

9,450*10-3 

42*88 

4-910-10-3 

8,592*10-3 

2 

years 

2*750 

0-840 

12,100*10-3 

48*98 

4*298*10-3 

11,82  *10-3 

3 

3-750 

0*900 

13,240*10-3 

55*06 

3*824*10-3 

14,34  *10-3 

6 

6-750 

1*110 

18,190-10-3 

68-17 

3-088*10-3 

17,76  *10-3 

9 

9*750 

1*240 

24,290*10-3 

78-41 

2-682-10-3 

26,15  *10-3 

12 

55 

12*750 

T380 

30,940*10-3 

84*94 

2-478-10-3 

31,60  *10-3 

Factors  which  have  an  Influence  upon  Growth. 

1.  Nourishment. — Russov  1  was  the  first  one  to  show  that  infants 
that  are  breast-fed  gain  more  rapidly  in  weight  than  those  fed 

1  Dissert.,  St  Petersburg,  1879. 
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artificially.  This,  which  has  since  been  confirmed  by  other  observers, 
only  applies  to  weight  increase ;  the  increase  in  length,  however,  is, 
as  has  been  shown  by  Variot  and  Fliniaux,1  practically  independent 
of  the  method  of  feeding. 

2.  Social  Position. — This  again  influences  the  weight  more  than 
the  length.  Children  of  the  lower  classes  have  a  lower  weight 
than  those  of  the  upper  classes  of  the  same  age.  The  length, 
however,  is  about  the  same  in  both  classes  of  children  (other  things 
being  equal).  This  is  in  agreement  with  Aron’s  experimental 
findings  in  animals,2  which  show  that  young  growing  dogs  fed  on 
a  diet  which  is  inadequate  to  maintain  their  body  weight  still 
continue  to  grow  in  length  (see  p.  545).  This  “  dissociation 
between  ponderal  and  statural  growth  ”  leads  to  a  diminution  in 
the  weight-height  index  in  underfed  children. 

3.  Seasonal  Variations. — Theinvestigationsof  Camerer,  Schmidt- 
Monnard,  Grazianoff,  Karnizki,  Daffner,  and  Holt  all  agree  that 
during  the  summer  months  children  grow  more  in  weight  as  well 
as  in  height  than  during  the  winter  months.  Daffner,3  for  instance, 
gives  the  following  table  showing  the  growth  in  height  of  cadets 
in  summer  and  winter  : — 


Age. 

Increase  in  Cm. 

Winter 

Half-Year. 

Summer 

Half-Year. 

Total  for 
Year. 

11-12 

1-6 

2-3 

3-7 

12-13 

1-5 

2-9 

4*4 

13-14 

2-0 

3-0 

5-0 

14-15 

2-5 

35 

6-0 

15-16 

2-3 

3-0 

5*3 

16-17 

L9 

2-3 

4-2 

17-18 

L2 

L5 

2-7 

18-19 

0-8 

0-9 

1*7 

19-20 

0-4 

0-4 

0-8 

Holt,4  who  finds  an  average  difference  of  \\  lbs.  in  weight  and 
one  of  0’36  in.  in  height  between  the  increases  during  the  summer 
and  winter  months,  believes  the  cause  of  the  seasonal  variation  to 
lie  in  the  greater  amount  of  food  consumed  during  the  summer 

1  La  Clinique  Infantile ,  12,  1914. 

2  Berl.  Klin.  Wochenschr . ,  1914;  and  Jahrb.f.  Kinderheilk ,  1918. 

3  “Das  Wachstum  des  Menschen,”  Leipzig,  1902. 

4  Amer.  Journ.  Dis.  Child.,  16,  1918. 
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months  owing  to  the  vacations  from  schools,  outdoor  life,  and 
freedom  from  colds.  The  presence  of  the  same  phenomenon, 
however,  in  trees,  seems  to  point  to  a  different  explanation.  It  is 
probably  due  to  the  greater  chemical  activity  resulting  from  the 
increased  temperature — which  we  should  expect  to  occur  on  the 
supposition  that  growth  is  an  autocatalytic  reaction  (see  Peter’s 
experiments,  p.  43).  Moreover,  we  have  already  seen  that 
growth  in  height  does  not  depend  greatly  upon  the  amount 
of  food. 

4.  Daily  Variations. — Both  weight  and  height  vary  in  the 
course  of  twenty-four  hours.  The  weight  is  highest  in  the  evening 
after  supper  and  lowest  before  breakfast  in  the  morning.  This  is 
accounted  for  by  the  fact  that  the  intake  exceeds  the  excretions 
during  the  day.  In  a  child  seven  months  old  the  difference 
between  the  morning  and  evening  weights  may  be  200  gm.  and 
in  one  ten  years  old  about  700  gm.  On  the  other  hand,  the 
length  is  less  in  the  evening,  because  in  the  course  of  the  day 
the  spine  becomes  slightly  curved,  the  intervertebral  discs  become 
compressed,  and  the  arch  of  the  foot  is  slightly  depressed.  The 
difference  between  the  morning  and  evening  measurements  may 
amount  to  1-3  cm.  Hence  measurements  of  weight  and  height 
must  always  be  taken  at  the  same  time  of  the  day — preferably  in 
the  early  morning  before  breakfast. 

5.  Sex  Differences. — Female  children  are,  at  all  ages,  shorter 
and  lighter  than  male.  This  acceleration  of  growth  in  males 
corresponds  with  the  greater  cell  division  occurring  in  the  male 
than  in  the  female  sexual  glands.  Poll 1  calculates  that  during 
the  lifetime  of  man  there  are  340  billions  spermatozoa  formed  as 
against  100,000  ova  in  woman.  The  greater  cell  division  in  any 
organ  determines  a  greater  flow  of  blood  to  the  neighbourhood, 
which  makes  the  neighbouring  parts  and  ultimately  the  whole  body 
grow  faster.  We  therefore  find  that  whilst  in  males  the  increase 
in  length  during  the  first  month  after  birth  is  from  54*8  to 
58*4  cm.,  /.<?.,  4  cm.,  or  at  the  rate  of  48  cm.  (  =  87*7  per  cent, 
of  the  initial  length)  per  year,  the  corresponding  increase  in  the 
female  is  from  53  to  56  cm.,  i.e.,  3  cm.,  or  at  the  rate  of  36  cm. 

(  =  68  per  cent,  of  the  initial  length)  per  year. 

6.  Racial  and  Hereditary  Variations.— Some  nations  are  shorter 
and  lighter  than  others.  Jewish  children,  for  instance,  are,  age  for 
age,  shorter  and  lighter  than  Gentile  children.  For  a  discussion  of 
this  see  the  author’s  book,  “The  Jewish  Child,”  London,  1917, 
Chap.  XXV.  The  influence  of  heredity  on  height  has  been 
discussed  in  Chap.  V. 

1  Quoted  by  Friedenthal,  “  Allgemeine  und  Spezielle  Physiologie  des 
Menschenwachstums,”  Berlin,  1914,  p.  118. 
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7.  Intercurrent  Disease. — Growth  may  be  affected  by  patho¬ 
logical  conditions  in  one  of  two  ways,  viz.  : — 

Either  (a)  as  the  result  of  some  affection  of  the  endocrine 
organs,  growth  may  be  retarded  or  accelerated,  e.g,  cretinism  and 
acromegaly,  which  are  due  to  disease  of  the  thyroid  and  hypophysis 
respectively,  or  delay  of  ossification  due  to  some  disease  of  the 
genital  glands.  These  have  been  fully  considered  in  the  chapters 
on  internal  secretions  and  puberty ;  or  (b)  as  the  result  of  the 
altered  amount  of  appropriate  building  stones  absorbed  into  the 
body.  Hence  it  is  that  after  certain  fevers  increased  growth 
occurs,  because  more  leucocytes  are  broken  up  in  the  body  with 
release  of  the  appropriate  building  stones.  Another  possible 
explanation  is  that  the  pyrexia  determines  a  greater  flow  of 
blood  to  the  epiphyses  or  growing  ends  of  the  bones.  Bouchut 
records  a  case  of  a  two  years’  old  child  that  grew  by  20  cm.  in  six 
weeks,  and  Regnier  described  a  case  of  a  fourteen  years’  old  boy 
whose  height  increased  by  20  cm.  in  six  months. 


The  Rate  of  Growth  of  Various  Parts  of  the  Body. 

The  relative  proportions  of  the  different  parts  of  the  body  are, 
as  we  have  already  seen,  different  in  the  fcetus  and  child  from  what 
they  are  in  the  adult.  Tables  giving  the  weights  of  the  different 
organs  at  various  ages  are  given  by  Vierordt,1  and  those  giving 
lengths  of  the  various  parts  of  the  body  at  different  ages  are  given 
by  Friedenthal.'2  From  Vierordt’s  tables  we  see  that  none  of  the 
organs,  such  as  heart,  liver,  brain,  etc.,  grow  at  the  same  rate  as 
the  body.  But  whilst  the  heart  and  liver  grow  nearly  at  the  same 
rate,  and  by  the  age  of  twenty-five  have  increased  to  about 
thirteen  times  their  birth  weight  (the  weight  of  the  whole  body 
having  increased  to  about  twenty-one  times  its  birth  weight),  the 
brain  practically  completes  its  growth  at  the  age  of  four  years,  by 
which  time  it  has  multiplied  its  birth  weight  about  three  and  a  half 
times.  In  proportion  to  the  weight  of  the  body  the  heart  decreases 
from  a  birth  ratio  of  0*75  per  cent,  to  an  ultimate  ratio  of  0*46  per 
cent.  ;  the  liver  falls  from  4*57  to  2*75  per  cent,  of  the  body  weight, 
whilst  the  brain  diminishes  from  about  12*3  per  cent,  at  birth  to 
about  2*2  per  cent,  at  twenty-five  years. 

Robertson,3  however,  has  shown  that  there  is  a  correlation 
between  the  growths  of  the  various  parts  of  the  body.  We  have 
seen  in  Chap.  XVIII.  that,  according  to  that  author,  growth  is 
an  autocatalytic  reaction  whose  equation  is  : — 


Log 


rb-K<' 


1  “  Daten  und  Tabellen,”  op.  cit pp.  38  and  39. 

2  “  Physiologie  des  Menschenwachstum,”  op.  cit .,  pp.  116  et  seq. 

3  Arch.  f.  Entwickl.  mech .,  1908. 
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Hence,  if  we  represent  the  growth  of  the  organ  under  considera¬ 
tion  by  the  equation 


Log 


x 


1  -=  Ki(/-/i)  . 


Aj  —  xl 

and  that  of  the  whole  body  by  the  equation 


•  (i) 


Log 


^9 


A  9  Xn 


—  K2(/  a) 


.  (2) 


K1 


we  can,  by  multiplying  (2)  by  and  subtracting  from  (1\  obtain 

L-2 

the  following  equation  : — 


t  X-I  Li,  ,  Xi) 

Log  - —  1 —  =  — i  log - 2 — 

Aj  —  x1  K2  A.,  —  x.2 


+  Ki(/2  -  /j). 


This  can  be  written  as 


Where 


L°8A^Y  =  al0gA3L^  +  /' 
a  =  and  b  =  KT(L  -  /A. 


If  t2  =  tv  then  b  becomes  zero. 

Also,  if  the  growth  cycles  of  the  organ  and  the  body  pass 
through  the  same  phases  with  equal  velocities,  then  a=  1,  and  the 
equation  (3)  becomes 


or, 


bX  ^  X(£ 


By  adding  1  to  each  side  we  get- 


Aq  X1  -f-  1  —  ^2  X2 


X-, 


Xc 


+  1, 


i.e., 


\  _  a2 


X-, 


whence, 


x\  _  Aj 

x2  A2* 


In  other  words,  the  rates  of  growth  of  the  particular  organ  and 
the  body  are  in  the  same  ratio  as  their  maximum  weights.  This 
is  very  nearly  so  in  the  case  of  most  of  the  organs  in  the  body. 
In  the  case  of  the  brain,  however,  we  have  seen  that  the  growth 
cycle  is  half  completed  long  before  puberty.  We  must,  therefore, 
apply  to  it  the  equation  (3). 
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Now,  from  Vierordt’s  table,  corrected  by  Donaldson,1  we  have — 
When  body  weight  =  3-1  kg.  Brain  weight  =  0*381  kg. 


=  9-0  „ 

5  5 

=  0*945 

=  15-9  „ 

55 

=  1*263 

=  25-2  „ 

55 

=  1*408 

=  41-2  „ 

55 

=  1*490 

A2  =  66*3  and  Ax 

=  1*5. 

Therefore,  equation  (3)  becomes 


Log 


x. 


1*5 


X-, 


a  log 


X(y 


66*3  -  Xq 


-f-  b, 


which,  when  x1  and  x9  are  the  values  given  above,  viz.,  aq  =  3*l, 
^2  =  0’381,  etc.,  gives  0=  1*723  and  b  —  1*675389. 

The  equation,  therefore,  reduces  itself  to — 


Log 


X-, 


1*5  - 


x1 


=  1*723  log  - 


66*3  -  xc 


+  1*675389. 


Hence,  by  inserting  the  several  values  of  x2  (the  body  weight  at 
various  ages  as  given  above),  we  can  calculate  the  corresponding 
weights  of  the  brain  xl  at  the  same  ages.  The  following  table, 
given  by  Robertson,  shows  the  close  agreement  between  the 
observed  and  calculated  values  of  x1 : — 


Body  Weight. 

Brain  Weight. 

Observed. 

Calculated. 

Kg. 

Kg- 

Kg- 

3*1 

0*381 

0*311 

9*0 

0*945 

0*991 

15*9 

1*263 

1*300 

25*2 

1*408 

1*430 

41*2 

1*490 

1*487 

59*5 

1*445 

1*499 

66*3 

1*431 

1*500 

The  Practical  Importance  of  Growth  Tables. 

The  practical  importance  of  a  study  of  the  growth  standards 
lies  in  their  application  to  the  determination  of  the  state  of 
nutrition  of  a  child.  The  study  of  the  body  weight  alone,  however, 
does  not  give  the  necessary  information,  because,  as  we  have  already 

1  “The  Growth  of  the  Brain,”  London,  1898,  p.  65. 
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seen,  in  healthy  children  of  the  same  age,  race,  and  environment 
wide  individual  variations  may  occur.  Moreover,  a  child  might 
become  heavier  as  the  result  of  the  deposition  of  fat  or  of  accumula¬ 
tion  of  water  in  the  tissues  without  the  occurrence  of  real  growth, 
as  expressed  by  increase  in  the  number  of  tissue  cells.  On  the 
other  hand,  a  child  might  lose  weight  as  the  result  of  using  up  its 
adipose  tissue,  whilst  at  the  same  time  the  number  of  its  tissue 
cells  might  actually  increase. 

Length  measurement,  however,  is  a  far  more  reliable  criterion 
of  growth,  because  it  indicates  a  growth  in  the  length  of  the 
skeleton.  But  it  is  not  an  absolute  criterion,  because  even  the 
skeleton  may  grow  without  showing  any  increase  in  length.  Thus 
the  bones  may  become  thicker,  the  medullary  cavity  may  become 
smaller,  and  the  bones  may  lose  water  and  gain  ash,  none  of  which 
conditions  would  manifest  themselves  by  an  increase  in  length. 

The  following  tables,  given  by  Holt,1  show  the  individual  varia¬ 
tions  in  weight  and  height  of  children  of  the  same  age  : — 


Weight-Age  Individual  Variations 


At  Age 

Range. 

Variation. 

Year’s  Growth, 
Approximately. 

Lbs. 

Lbs. 

11 

60-90 

30 

5 

12 

65-105 

40 

5 

13 

70-115 

45 

5 

14 

78-125 

47 

5 

15 

90-140 

50 

31 

°2 

Height-Age  Individual  Variations 


At  Age 

Range. 

Variation. 

Year’s  Growth, 
Approximately. 

In. 

In. 

11 

53-60 

7 

3 

12 

53-62 

7 

3 

13 

58-64 

8 

21 

2 

14 

59-67 

9 

24 

15 

61-70 

9 

2“ 

16 

62-72 

10 

2 

1  A  mcr.  Jo  urn.  Dis.  Child.,  16,  1918. 
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Holt  finds  that  the  standards  of  nutrition  which  can  be  applied 
to  large  groups  of  children  are  : — 

(i.)  The  weight-height  relationship. 

(ii.)  The  annual  increase  in  weight  and  height. 


This  applies  only  to  children  of  school  age.  During  the  first 
year  of  life  the  weight  of  the  child  is  a  reliable  standard.  The 
increase  in  length  during  that  period  is  only  of  interest  from  the 
point  of  view  of  the  recognition  of  such  conditions  as  affect  the 
growth  of  long  bones,  e.g.,  cretinism,  rickets,  chondrodystrophy,  etc. 

A  useful  rule  to  remember  is  that  the  birth  weight  doubles  itself  at  five  to  six 
months  and  trebles  itself  at  the  end  of  the  first  year. 


The  value  of  weight-height  variations  is  acknowledged  by  all 
insurance  companies  as  affording  a  useful  index  in  estimating  a 
“risk.”  In  spite  of  the  great  variations  in  weight  and  height  in 
different  races  (in  people  of  the  same  age),  the  weight-height 
curves  (/.<?.,  the  curves  showing  the  weight  per  unit  height)  are 
alike  in  all.  Thus  the  average  Japanese  boy  of  50,  60,  and  80  lbs. 
is  only  1  in.  shorter  than  the  average  American  boy  of  the  same 
weight,  whilst  those  of  70  lbs.  actually  have  the  same  height 
in  both  races.  The  same  applies  to  other  races  whether  tall  or 
short. 


The  ratio 


is  called  the  “Weight-Height  index  or 


weight 
height 

coefficient.”  If  the  weight  is  taken  in  kilogrammes  and  the  height 
in  centimetres,  this  index  is  often  spoken  of  as  the  “  centimetre 
index,”  because  it  expresses  the  weight  of  1  cm.  length  of  child. 
Another  coefficient  is  Livi’s  “Index  ponderalis,’’  viz.  : — 


lOO^i/ weight  in  gm. 
height  in  cm. 

This  index  diminishes  from  infancy  onwards. 

The  Annual  Increase  in  Weight  and  Height  is  nearly  the 
same  in  different  parts  of  the  world,  and  is,  therefore,  a  useful 
criterion  of  the  state  of  nutrition  of  the  child  during  the  period 
under  consideration. 


PART  IV 


THE  PHYSIOLOGY  OF  THE  PREMATURE 

INFANT 


CHAPTER  XLI 


THE  PHYSIOLOGY  OF  THE  PREMATURE 

INFANT 

“  He  (the  premature  foetus)  is  like  some  dweller  in  the  hot  plains  of  India 
who  has  been  transported  in  a  moment  of  time  on  some  ‘  Magic  Carpet  of 
Tangu’  to  the  ‘chill  summits  of  the  frosty  Caucasus,’  with  no  opportunity  for 
acclimatising  such  as  a  gradual  transit  affords.”  Ballantyne.1 

In  our  study  of  foetal  physiology  we  have  learned  that  during  the 
last  few  weeks  of  intra-uterine  life  certain  changes  occur  in  the 
metabolic  activities  of  the  foetus,  which  gradually  prepare  it  for 
the  independent  existence  it  will  have  to  assume  after  birth. 

The  lumen  of  the  ductus  arteriosus  gradually  becomes  narrower, 
thus  not  only  facilitating  its  post-natal  closure  and  obliteration  but 
also,  by  restricting  the  amount  of  arterial  blood  flowing  to  the 
respiratory  centre,  rendering  the  latter  more  excitable  and  ready 
to  assume  independent  activity  when  the  foetus  is  assailed  by  extra- 
uterine  stimuli.  We  have  also  learned  from  Hugounenq’s  and 
Hoffstrom’s  analyses  to  which  we  have  referred  in  Chap.  IX.,  that 
the  amount  of  mineral  salts  and  iron  retained  by  the  foetus  during 
the  last  three  months  is  twice  as  great  as  that  fixed  during  the 
whole  of  the  six  months.  Hence  the  premature  expulsion  of  the 
foetus  is  a  calamity,  the  seriousness  of  which  it  is  not  easy  to 
exaggerate,  and,  indeed,  experience  shows  that  the  chance  of  a 
premature  foetus  to  survive  is  not  great,  and  varies  inversely  with 
its  age.  Potel 2  gives  the  following  figures  : — 


Age  of  Premature  Foetus. 

Mortality. 

6|  foetal  months  - 

7 

71 

1 2  0 

8  - 

Per  Cent. 

80-4 

58T 

30-1 

35-5 

We  have  in  different  parts  of  the  book  indicated  the  various 
peculiarities  which  characterise  the  foetus  at  different  stages  of  its 

1  “  Problem  of  the  Premature  Infant,”  Brit,  Med.  Jouni .,  1,  1902. 

2  Dissert.,  Paris,  1895. 
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development.  It  will  be  profitable  to  recapitulate  here  some  of 
the  more  important  features  peculiar  to  it,  and  to  point  out  their 
practical  importance.1 


A.  Anatomical  Peculiarities. 

1.  Weight  and  Length. — Ahlfeld  and  Hecker,  quoted  by 
Rommel,2  give  the  following  table  : — 


Foetal  Age. 

Weight. 

Length. 

Gm. 

Lbs. 

Cm. 

In. 

27  weeks 

- 

1,140 

24 

36-3 

14 

29  „ 

- 

1,575 

3 

39*6 

154 

31  „ 

- 

1,975 

H 

42-7 

164 

33  „ 

- 

2,100 

4f 

43-9 

17 

35  „ 

- 

2,750 

6  f 

47-3 

184 

37  „ 

~ 

2,875 

6 1 

48-3 

19 

As,  however,  the  size  of  a  new-born  infant  depends  on  many 
factors  other  than  the  degree  of  maturity,  e.g.,  size,  age,  and 
health  of  the  parents  and  the  state  of  the  foetal  nutrition  during 
pregnancy,  it  is  impossible  to  tell  from  the  weight  and  length 
alone  whether  any  particular  new-born  infant  is  mature  or  pre¬ 
mature  ;  a  full-term  infant  may  be  small  and  a  premature  one 
may  happen  to  be  large.  Holzbach  3  considers  the  length  a  better 
guide  than  the  weight,  and  believes  that  an  infant  under  45  cm. 
(18  in.)  may  be  definitely  taken  as  premature. 


Relatio?i  between  Length  and  Weight.  —  Whilst  in  full-term 

infants  the  ratio  we*£fot  is  60-80,  it  is  in  the  premature 

length  (in  cm.) 

infant  not  more  than  30-50. 


2.  Proportion  of  Body. — The  ratio 


head  circumference 


is 


shoulder  circumference 
an  important  index.  In  premature  infants  this  ratio  is  never 
less  than  1  (Frank).4  Further,  the  lower  extremities  are  smaller 
in  proportion  to  the  length  of  the  body  in  the  premature  than 
in  the  mature  infant. 

3.  The  Skin  in  the  premature  infant  is  loose  and  freely  movable 
over  the  subjacent  tissues  on  account  of  the  absence  of  subcutaneous 
fat.  Icterus  neonatorum  is  generally  particularly  well  marked. 


1  See  Camille  Hahn,  “  Des  Prematures,  Caracteres,  Pronostic,  Traitement.” 
These  de  Parisj  1901. 

2  Pfaundler  and  Schlossmann,  op.  cit.,  vol.  ii. 

Monatschr.  f.  Geb.  u.  Gyncik. ,  24,  1906. 

4  Arch.  f.  Gyn.,  48,  1895. 
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The  nails  do  not  reach  the  ends  of  the  phalanges,  or  may  be  absent 
altogether. 

4.  Skeleton. — -Very  valuable  information  regarding  the  degree 
of  prematurity  may  be  obtained  from  the  state  of  ossification  of 
the  various  bones  as  obtained  by  radiography  (Holzbach 1  and 
Variot).2 

5.  Blood. — We  have  already  discussed  the  chief  peculiarities  of 
the  foetal  blood. 

De  Vicariis  3  lays  emphasis  on  these  peculiarities  for  the  purpose 
of  ascertaining  the  maturity  or  prematurity  of  a  new-born  infant. 
The  importance  of  the  increased  CH  of  the  blood  of  the  premature 
infant  from  the  point  of  view  of  its  increased  susceptibility  to 
infection  has  already  been  referred  to  (see  p.  414). 

B.  Physiological  Peculiarities. 

1.  Thermal  Instability. — We  have  already  learned  that  new-born 
infants  cannot  easily  maintain  their  temperature  equilibrium  on 
account  of  the  imperfect  development  of  their  heat-regulating 
mechanism.  This  is  so  in  an  excessive  degree  in  the  premature 
infant  for  the  following  reasons : — 

(a)  The  surface  area  of  the  skin  is  proportionately  greater 
(see  p.  383),  and  therefore  there  is  a  greater  heat  loss. 

(b)  Absence  of  the  subcutaneous  adipose  tissue  affords  greater 
facility  for  loss  of  heat. 

(c)  The  general  debility  of  the  infant  prevents  it  from  taking  in 
sufficient  nourishment,  and  therefore  the  heat  production  is  less. 

(d)  The  collapsed  condition  of  the  lungs,  as  well  as  the  defective 
excitability  of  the  respiratory  centre,  make  the  metabolic  processes 
rather  slow  and  feeble. 

(e)  The  heat  centre  in  the  brain  is  feebly  developed. 

In  virtue  of  this  thermo-labile  state  the  premature  infant  loses 
more  heat ;  its  body  temperature  is  at  least  C.  lower  than  that 
of  the  full-term  infant,  and  will  gradually  become  colder  unless 
great  precautions  are  taken  to  prevent  the  dissipation  of  its  heat. 
Indeed,  temperatures  of  30°-31°  C.  (86°-87°  F.)  are  not  unknown. 

These  considerations  teach  us,  therefore,  that  premature  infants 
must  be  kept  very  warm  either  by  means  of  cotton-wool,  hot  water 
bottles,  or  special  incubators.  Budin  has  shown  that,  other  things 
being  equal,  the  mortality  of  premature  infants  runs  parallel  with 
the  cooling  of  the  body. 

2.  Defective  Development  of  the  Central  Nervous  System. — The 
foetal  nervous  system  has  already  been  fully  described  in  Chap. 
XVI.  We  have  there  seen  that  most  of  the  tracts  are  as  yet 

1  Loc.  cit. 

2  “  La  Clinique  Infantile,”  1906. 

3  Rev.  mens,  dtt  mat.  de  P enf. ,  1906. 
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unmedullated,  and  that  some  of  the  centres  are  still  imperfectly 
developed.  As  a  result  of  this,  the  premature  infant  lies  still  and 
practically  motionless.  It  is  almost  continually  asleep.  It  hardly 
ever  cries,  and  when  it  does,  it  is  with  a  feeble  voice  like  the 
twittering  of  a  young  bird.  Such  a  cry  is  quite  inadequate  to 
inflate  its  collapsed  lungs.  Moreover,  the  respiratory  centre  being 
sluggish,  the  respiratory  activity  of  the  infant  is  very  imperfect. 
The  breaths  are  shallow  and  irregular,  and  the  gaseous  interchange 
is  very  small.  Carbon  dioxide  accumulates  in  the  blood  (rendering 
the  infant  cyanotic),  but  it  is  unable  to  stimulate  the  torpid  respira¬ 
tory  centre.  Respiration,  therefore,  is  suspended  until  the  thres¬ 
hold  excitability  of  the  centre  is  passed  and  breathing  commences 
again.  In  other  words,  there  is  the  condition  known  as  Cheyne- 
Stokes  breathing.  If  this  type  of  breathing  continues  too  long  the 
respiratory  centre  stops  to  functionate  altogether,  and  the  infant 
dies  in  a  state  of  asphyxia,  in  spite  of  the  normal  action  of  its 
heart.  Death  from  asphyxia  may  occur  also  in  another  way,  viz., 
as  the  result  of  aspiration  of  milk  into  the  lungs,  in  consequence 
of  the  imperfect  development  of  its  swallowing  centre  in  the  medulla. 
Should  milk  enter  the  trachea  there  is  no  cough-reflex  present  to 
expel  it. 

Should  cyanosis  occur,  it  is  necessary  to  stimulate  the  respiratory 
centre  by  means  of  artificial  respiration  (eg,  Sylvester’s  method) 
in  a  warm  mustard  bath.  Oxygen  inhalation  is  another  useful 
adjunct. 

3.  Respiration  and  Circulation . — The  lungs  are  collapsed,  and 
the  air  does  not  reach  the  alveoli ;  hence  the  lungs  become  pre¬ 
disposed  to  infection,  e.g.,  pneumonia.  Further,  as  a  consequence 
of  the  atelectasis,  the  pulmonary  circulation  is  impeded,  and  the 
ductus  arteriosus,  as  well  as  the  foramen  ovale,  remain  patent.  The 
general  circulation,  therefore,  remains  of  the  foetal  type,  and  is 
unsatisfactory.  Also,  the  blood  vessels  are  very  delicate  and  fragile, 
and  for  this  reason  premature  infants  are  liable  to  traumatic  bleed¬ 
ing  unless  handled  with  the  greatest  gentleness. 

4.  Digestive  System. — The  sucking  and  swallowing  reflexes  are 
feebly  developed,  and  owing  to  the  weakness  of  the  muscles  the 
force  of  suction  is  small.  (See  Fig.  107,  p.  451.)  Further,  the 
digestive  juices  are  deficient,  both  in  quantity  as  well  as  in  quality, 
and  the  musculature  of  the  gastro-intestinal  tract  is  very  feeble. 
If,  in  addition,  we  bear  in  mind  the  fact  that  in  consequence  of 
its  greater  heat  loss,  such  an  infant  requires  a  larger  amount  of 
nourishment,  it  will  be  seen  that  the  problem  of  feeding  a  premature 
infant  is  not  at  all  an  easy  one. 

The  nutritive  requirements  of  premature  babies  are  given 
differently  by  different  observers.  According  to  Czerny  and  Keller, 
it  is  1 10-120  cals,  per  kilo  body  weight.  Oppenheimer,  as  well  as 
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Langstein  and  Meyer,  put  it  at  120-130  cals.;  Salge  states  the 
requirements  to  be  130-150  cals.,  and  Samelson  gives  it  as 
115-150  cals.  The  requirements  of  a  normal  new-born  infant 
are  100  cals,  per  kilo. 

Because  of  the  feeble  sucking  of  such  infants  it  may  be 
necessary  to  feed  them  by  means  of  the  spoon  or  pipette.  More¬ 
over,  owing  to  the  defective  swallowing,  it  may  even  be  necessary 
to  resort  to  the  stomach  tube  (a  Nelaton’s  catheter,  No.  14,  of 
35-40  cm.  length).  In  cases  of  vomiting  nutrient  enemata  may 
have  to  be  given.  This  last  method  of  feeding,  however,  involves 
considerable  handling  and  exposure. 

As  regards  the  nature  of  the  food ’  it  is  best  to  use  the  mother’s 
milk,  withdrawn  by  means  of  a  breast-pump  under  aseptic  pre¬ 
cautions,  and  to  return  to  breast  feeding  by  easy  stages,  i.e.,  through 
spoon  and  bottle  feeding  to  breast  feeding.  As  a  rule,  the  mother 
secretes  more  milk  than  the  premature  infant  can  take.  In  such 
cases  the  excess  must  be  removed  by  means  of  a  pump,  or  by 
putting  a  normal  child  to  the  breast.  If  the  secretion  of  milk  is 
deficient,  it  is  sometimes  possible  to  stimulate  it  by  putting  a 
vigorous  child  to  it.  If  mother’s  milk  is  unobtainable,  the  best 
substitute  is  a  wet-nurse,  provided  every  care  is  taken  to  ensure  her 
freedom  from  latent  syphilis  or  other  constitutional  disease.  If 
that  is  impracticable,  it  is  necessary  to  resort  to  cow’s  milk  greatly 
diluted  (e.g.,  one  of  milk  to  three  or  four  of  water,  or  dilute  whey 
mixtures),  given  in  small  quantities  at  frequent  intervals,  e.g.,  half 
a  tablespoonful  every  hour. 

There  is  one  other  point  requires  mentioning.  We  have  seen 
from  Hugounenq’s  analysis  that  a  large  amount  of  iron  is  passed 
from  the  mother  to  the  foetus  during  the  last  three  months  of 
pregnancy.  As,  however,  milk  is  very  poor  in  iron,  Ballantyne 1 
suggests  the  administration  of  iron  in  an  easily  assimilated  form, 
such  as  Liquor  Ferri  Peptinatus,  5  drops  three  times  a  day. 

For  the  study  of  the  metabolism  of  prematurely-born  infants, 
see  the  account  of  Rubner  and  Langstein’s  investigations  in 
Chap.  IX.,  p.  133. 


5.  The  Urinary  System . — Although  the  kidneys  functionate 
during  the  last  few  weeks  of  foetal  life  (see  p.  195)  their  activity  is 
very  slight,  as  evidenced  by  the  occurrence  of  uric  acid  infarcts, 
which  indicate  either  deficient  oxidation  or  deficient  secretion. 

The  researches  of  Charrin,  Nobecourt,  Lemaire,  and  Ylppo 

show  that  the  quantity  of  urine  in  the  premature  infant  is  low ;  its 

acidity  and  toxicity  are  high ;  the  depression  in  freezing  point  (A) 

NFL  nitrogen  .  ,  ,  C 

- - — - — 5 —  is  less  ;  and 

total  nitrogen  N 


is  slight,  the  ratio 


is  higher  than  in 


1  Loc.  cit. 
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the  normal  infant.  Ylppo  found  that  whilst  in  a  premature  infant 
of  960  gm.  birth  weight  the  Ph  of  the  urine  remained  about  5'5 
for  three  months  and  did  not  rise  to  7*2  until  the  sixth  month,  in 
a  normal  new-born  infant  of  birth  weight  2,700  gm.  the  initial 
Ph  of  5‘66  rose  to  7*2  on  the  twelfth  day.1 

The  physiological  significance  of  these  findings  is  at  present 
unknown,  except  that  the  higher  acidity  of  the  urine,  combined 
with  the  lower  and  flatter  oxygen  dissociation  curve,  shows  a  higher 
acidotic  constitution  in  the  premature  infant  (see  pp.  172  and  303). 
Also  the  greater  toxicity  of  the  urine  indicates  imperfect  action  of 
the  liver  (see  p.  475). 

Bacterial  Infection. — We  have  seen  that  the  placental  circula¬ 
tion  transmits  immune  bodies  from  the  mother  to  the  foetus.  The 
premature  infant  is  therefore  less  able  to  resist  infection  than  one 
born  at  full  term.  Moreover,  the  higher  Ch  of  its  blood  renders 
it  more  susceptible  to  septic  infection  (see  p.  484).  In  the 
nursing  of  such  infants  it  consequently  is  greatly  necessary  to 
guard  them  against  bacterial  invasion.  The  incubator  must  be 
as  free  from  germs  as  it  is  possible  to  make  it ;  the  umbilical  cord 
must  be  treated  aseptically,  and  the  milk  that  is  administered 
must  be  sterile. 

Ballantyne2  summarises  the  physiology  of  the  premature  infant 
very  clearly  and  succinctly  as  follows  :  “  Physiologically,  the  pre¬ 
mature  infant  is  partly  a  foetus  and  partly  a  new-born  child.  In 
him  is  seen  foetal  physiology  endeavouring  to  cope  with  neo-natal 
surroundings,  but  in  him  is  also  seen  neo-natal  physiology  hampered 
in  its  action  by  persistent  foetal  conditions.” 

1  Zeiischr.  f.  Kinderheilk ,  14,  1910,  p.  294. 

2  Loc.  cit . 
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Abderhalden’s  test,  257,  488 
Abdominal  breathing,  4,  396 
reflex,  226,  227 

topography  influenced  by  intestinal 
gases,  500 

Abortion,  corpus  luteum  and,  638 
cases  of,  used  for  study  of  foetal 
physiology,  164 

Absorption  of  cerebro-spinal  fluid,  579, 
580 

of  food  by  intestines,  477  et  seq. 
of  food  by  stomach,  466  et  seq. 
Accessory  food  substances.  See  Vita- 
mines 

sinuses  of  nose,  389 
spermatozoa,  35 
Accommodation,  at  birth,  239 
duration  of,  603 
range  of,  602,  603 

Acetone  bodies  in  blood.  See  Acidosis 
bodies  in  urine,  513 
Achilles  reflex,  at  birth,  227 
reflex  in  child,  570 

Achondroplasia,  a  Mendelian  character, 
65 

Achroodextrin,  67 
Achromatic  spindle,  16 
Acidity  of  blood,  foetal,  165-167 
of  blood,  post-natal,  414 
of  faeces,  489 

of  gastric  juice,  foetal,  181 
of  gastric  juice,  post-natal,  462-464 
of  intestine,  497 
of  saliva  in  infant,  454 
of  urine,  foetal,  197 
of  urine,  neo-natal,  291 
of  urine,  post-natal,  507,  509.  See 
also  H-ion  concentration 
Acidosis,  292 
of  birth,  303 
of  premature  infant,  658 
and  C02  tension  of  alveolar  air, 
304 

and  oxygen  dissociation  curve,  172 
Acquired  characters,  inheritance  of, 

47 

Acromegaly,  347,  630 

Action  of  muscles,  mode  of,  371  et  seq. 


Activity,  energy  expended  during,  536, 
537 

of  child’s  brain,  559  et  seq. 

Acuity,  visual,  604 
Addison’s  disease,  624 
Adenoid  tissue  as  source  of  leucocytes, 
420,  421 
Adenoids,  615 
Adequate  stimulus,  232 
Adipose  tissue,  chemical  composition 
of,  in  adults  and  children,  315 
Aditus  ad  antrum,  616 
Adolescence,  634-638 
Adrenalin,  189,  624 
Adrenals,  foetal,  189 
post-natal,  623-625 

Adult  and  child,  differences  between,  1-4 
Aerobic  bacteria,  493 
/Ethereal  sulphates,  in  foetal  urine,  197 
sulphates,  in  neo-natal  urine,  294, 
299,  300 

sulphates  in  post-natal  urine,  513 
/Ethesiometry,  386 

as  test  of  mental  fatigue,  572 
Age-height  table,  649 
Age- weight  table,  649 
Agglutinins.  See  Antibodies 
Air,  alveolar,  303,  407 

changes  produced  by  breathing,  403 
quantity  of,  breathed,  398  et  seq. 
tidal,  397 

Air  cells  in  the  lungs,  number  of,  394, 
395 

pressure  in  tympanum,  616 
Alanine,  115,  292,  499,  544 
Albinism,  a  Mendelian  character,  64 
Albumens.  See  Proteins 
Albuminuria,  at  birth,  197,  302 
during  childhood,  pathological,  515 
during  childhood,  physiological,  514 
Alcaptonuria.  See  Alkaptonuria 
Alcohol,  germ  plasm  and,  47 
Mendelism  and,  66 
monstrosities  and,  7 
test  of  respiration  apparatus,  282 
Alimentary  melituria,  513 

tract,  physiology  of,  Chapter  XXXI 
Alkalinity.  See  Acidity 
Alkalis,  action  of,  upon  gastric  secretion, 
465 
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Alkaptonuria,  511 

a  Mendelian  character,  55 
Allantoin,  51 1 

Allokinetic  movements,  '205 
Alveolar  air,  C02  in,  143,  144 

air,  C02  in,  in  new-born  infant,  303, 
401 

air,  COs  in,  in  premature  infant,  303, 
401 

Alveoli,  number  of,  in  adult  and  infant, 
395,  396 

total  surface  of,  394 
Ametropia,  605,  606 
Amino  acids,  as  building  stones ,  544 
acids  in  urine,  511 
Ammonia  coefficient,  293 
in  urine,  293,  472,  517 
A  mitosis,  14 
Amnion,  126 

Amniotic  fluid.  See  Liquor  amnii 
Amoeboid  theory  of  sleep,  574 
Amphiaster,  16 

mechanism  of  formation  of,  92 
Amylopsin  in  meconium,  192 
in  pancreas,  foetal,  183 
in  pancreas,  post-natal,  477 
Anabolism,  520 

Anaemia,  cerebral,  as  cause  of  sleep, 
573 

of  mother,  in  pregnancy,  130 
prolonged  breast  feeding  and,  547 
Anaesthetics,  foetus  and,  235 
Anal  reflex,  226,  227 
Analysers  in  the  brain,  560 
Analysis.  See  Composition 

mechanism  of,  in  the  brain,  560 
Anaphase,  16 
Anaphylactic  test,  488 
Anatomical  differences  between  child 
and  adult,  1 

Anatomy,  physiological.  See  under 
the  various  organs 

Anencephaly,  artificial  production  of, 
112 

relation  between  structure  of  adrenals 
and,  189 

Angina  pectoris,  158 
Angle  of  convergence,  602 
Angle  of  motion,  367 

of  partition  in  bubble  systems,  94 
et  seq. 

of  prism,  602 
of  pull  of  muscle,  371 
of  vision,  604.  See  also  Metre  angle 
Ankle  clonus,  226,  227,  570 
Antagonism  between  fermentative  and 
putrefactive  bacteria,  499 
Ante-conceptional  stage,  8 ;  and 
Chapters  II-V 

influence  of  environment  on,  111 
Ante-natal  physiology,  8  ;  and  Chapters 

II-XIX 


Anterior  fontanelle,  324,  325 
Antibodies,  174,  256,  263,  488 
in  child’s  blood,  422 
in  colostrum,  549 
in  foetal  blood,  174,  175 
in  milk,  549 

Anticlinal  division  of  cell,  102 
Antiseptic  action  of  HC1  in  stomach, 
463 

Antitoxic  properties  of  foetal  serum,  174 
Antrum,  mastoid,  324,  615,  616,  617, 
619 

of  Highmore,  323,  389 
Aorta  and  pulmonary  artery,  communi¬ 
cation  between,  149 
lumen  of,  150 

lumen  of,  in  boys  and  girls,  150 
lumen  of,  in  adult  and  infant,  150 
stenosis  of,  155 

velocity  of  blood  at  root  of,  435 
Aortae,  primitive,  147 
Apex  beat  in  child,  425 
Apnoea,  142-145 
cause  of,  144 
foetal,  145 

Aqueous  humour,  index  of  refraction 
of,  596 

Arch  of  child’s  foot,  370 
of  aorta.  See  Aorta 
Archoplasm,  13 
Area  of  aorta,  431 

of  aorta  and  body  surface,  536 
of  brain,  556 
of  cell,  90,  534 

of  cross-section  of  cardiac  muscle, 
429 

of  intestine,  478 
of  pulmonary  alveoli,  394 
of  retina,  590 
of  skin,  381-383 
of  stomach,  457 

law  of  minimal  surface,  94  et  seq. 
Arginine,  30,  115,  544 
Arms  of  lever,  371 
length  of,  in  adults  and  infants,  330 
Arterial  blood  pressure,  foetal,  140,  156 
blood  pressure  in  children,  436 
blood  pressure  in  pregnancy,  259 
blood  pressure,  factors  influencing, 
etc.,  437 

Arteries,  lumen  of,  430,  431 
lumen  of,  in  foetus,  150 
elasticity  of,  433 
Artificial  impregnation,  31 
parthenogenesis,  33  et  seq. 
production  of  corpus  luteum,  45 
production  of  monstrosities,  6,  7, 
84-88,  111,  112 

Ascaris,  number  of  chromosomes  in,  17 
coalescence  of  eggs  of,  88 
zygote  of,  differentiated  into  propa¬ 
gative  and  somatic  parts,  47 
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Aschner's  reflex,  583 
Ascites,  foetal,  186 
Ash,  of  blood,  173 
of  foetus,  130,  133 
of  infant  at  birth,  314 
of  milk,  314,  543 
of  spermatozoa,  27 
Asphyxia,  foetal,  142,  145 

number  of  red  blood  cells  and,  168 
Aspiration  of  milk  into  mouth,  449 
of  semen  into  uterus,  35 
Associated  action  of  muscles,  374 
reflexes,  560  et  seq. 

Association,  mechanism  of  temporary, 
560,  561 
Aster,  13,  16 
Astigmatism,  606 
Ataxiagraph,  564 
Atelectasis,  141 

Atropine,  action  of,  on  pupil  of  foetus, 
239 

action  of,  on  vagus,  160,  446,  582 
Attraction  between  ovum  and  sper¬ 
matozoa,  34 
sphere,  13 

Auditory  meatus,  610 
Auricle  of  ear,  609 
of  heart,  147 

mixing  of  bloods  in  foetal  right,  152 
Auriculo-ventricular  (A.V. )  bundle,  442 
Autacoids,  186 
Autocatalysis,  242 

growth  and,  243  et  seq. 

Autocatalytic  equation,  245 
Autokinetic  movements,  206 
Automatograph,  564 
Autonomic  nervous  system,  582 
A.V.  bundle,  442 
Axis  cylinders  of  foetal  nerves,  228 
of  symmetry  of  ovum,  86  et  seq. 
of  vision,  590 

B 

Babinski’s  sign,  570 
Baby.  See  Infant 
Bacillus  acidi  lactici,  499 
acidophilus,  493 
bifidus,  493 
coli,  493,  495,  497 
lactis  aerogenes,  493,  499 
mesentericus,  499 
proteus  vulgaris,  499 
subtilis,  499 
tuberculosis,  582 

Bacteria  in  cerebro-spinal  fluid,  582 
in  external  ear,  611 
in  faeces,  493,  494 
in  intestines,  493  et  seq. 
in  meconium,  493 
in  middle  ear,  617 


Bacteria  in  mouth,  464 
in  stomach,  463,464 
Bacteria,  action  of  ,  on  carbohydrates, 
487,  497 

action  of,  on  fats,  497 
action  of,  on  proteins,  498 
classification  of  intestinal,  499 
distribution  of  intestinal,  495 
function  of  intestinal,  497 
physiological  significance  of  intes¬ 
tinal,  496 

Bacterial  infection  and  prematurity, 
658 

Bactericidal  bodies  in  foetal  and  mater¬ 
nal  blood,  174 

power  of  tympanic  mucous  mem¬ 
brane,  617 

Bacteriological  examination  of  stools, 
importance  of,  501 
Bacteriolysin,  174 
Balance,  muscle,  600 
Ballottement,  205 
Barotaxis,  35 
Basal  metabolism,  538 
Basophilic  erythrocytes,  169 
Bees,  parthenogenesis  and,  33 
Betz  cells,  216 
Bile,  foetal,  182 
in  pregnancy,  260 
post-natal,  471 
Bile  acids.  See  Bile  salts 
duct,  absence  of,  485 
pigments,  in  foetus,  182 
pigments,  in  meconium,  192 
pigments,  in  new-born,  305.  See 
also  Icterus  neonatorum 
pigments,  in  pregnancy,  260 
pigments,  in  urine,  513 
salts,  182,  471 
Bilirubin  in  foetal  urine,  198 
icterus  neonatorum  and,  305 
Biliverdin,  icterus  neonatorum  and,. 
305 

in  meconium,  192 
Binary  division  of  ovum,  4 
Binocular  fixation,  604 
fixation  and  squint,  601 
Biogenetic  law,  Haeckel’s,  80 
Biodynamics  of  growth,  Chapter  XVIII 
Biological  properties  of  milk,  549,. 
550 

Biometry,  70  et  seq. 

Mendelism  and,  71 
Birth,  physiology  of.  Chapter  XX 
Bladder  of  foetus,  194,  195 

capacity  of,  at  various  ages,  195,. 
504 

of  infant,  504 
Blastoderm,  6 
artificial,  107 

Blastomeres,  developmental  relations 
between,  92 
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Blastula,  6 

Blastulae,  fusion  of,  88 
Blending,  67 

and  the  principles  of  Mendelian 
inheritance,  68 

Blindness.  See  Colour  blindness 
Blood,  foetal,  Chapter  XII 
chemical  analysis  of,  172-174 
coagulation,  time  of,  165 
colour  of,  164 
colour-index  of,  171 
C02  adjustment  of,  171 
corpuscles,  167-170 
gases,  156 
haemoglobin  in,  170 
oxygen,  dissociation  curve  of,  172 
pressure,  156,  157 
protective  bodies  in  serum  of,  174 
quantity  of,  175 
reaction  of,  165,  166 
specific  gravity  of,  1 64 
velocity,  157 

volume  of,  177.  See  also  Circula¬ 
tion,  pre-natal 

Blood,  post-natal,  Chapter  XXIX 
amount  of,  circulating  per  minute  per 
unit  body  weight,  435 
chemistry  of,  421 
coagulation,  time  of,  413 
colour  of,  414 
corpuscles,  414-421 
gases,  424 
haemoglobin  of,  415 
non-protein  nitrogen  in,  421,  422 
platelets,  421 
pressure,  436,  437 
protective  bodies  in  serum  of,  422 
quantity  of,  422 
reaction  of,  414 
refractive  index  of,  423 
specific  gravity  of,  411,  412 
sugar  in,  486.  See  also  Circulation, 
post-natal 

transfusion  of  (Galton’s  experiment), 
46 

velocity  of,  435 
vessels  of,  430 
viscosity  of,  412,  413 
Blood,  in  pregnancy,  256,  257 
in  premature  infant,  655 
Body,  balance-sheet  of,  520  et  seq. 
centre  of  gravity  of,  361 
chemical  composition  of,  Chapter 
XXII 

erect  posture  of,  362 

growth  of.  See  Growth 

mechanics  of,  Chapter  XXVI 

movements,  363 

specific  gravity  of,  383  et  seq. 

statics  of,  361 

surface  of,  3,  381-383 

volume  of,  383  et  seq.  ' 


Body  weight.  See  Growth 

weight,  and  heat  production,  285,  532 
et  seq. 

Bone,  Chapters  XXIII  and  XXIV 
as  building  material,  342 
composition  of,  317 
deformities  of,  343 
growth  of,  346,  347 
internal  architecture  of,  340,  341 
marrow,  348,  349 
periosteum  of,  345 

physics  and  physiology  of,  Chapter 

XXIV 

thickness  of,  335 
trabeculae,  347 

transformation,  Wolff’s  law  of,  343 
tubular  structure  of,  334 
Boundary  zone,  189 
/3-oxybutyric  acid,  292 
Brachydactyly,  a  Mendelian  character, 
64 

Brain,  foetal,  209-221 
anatomy  of,  209-213 
chemistry  of,  219 
cortex.  See  Cerebral  cortex 
embryology  of,  209 
excitability  of,  220 
fissures  of,  209-212 
function  of,  216,  220 
histology  of,  212-216 
lobes  of,  209 
relative  growth  of,  254 
weight  of,  at  different  foetal  ages, 
209,  210 

Brain  of  infant  and  child,  555-565 
activity  of,  559  et  seq. 
anatomy  of,  555,  557 
area  of,  556,  557 
chemistry  of,  557 
cortex.  See  Cerebral  cortex 
excitability,  558 
relative  growth  of,  647,  648 
specific  gravity  of,  557 
weight  of,  at  different  ages,  556 
Breast  feeding,  ancemia  and,  547 
immunity  and,  174,  550 
pressure,  449,  450 

Breasts,  enlargement  of,  during  puberty, 
634.  See  also  Lactation  and  Milk 
Breath,  first,  cause  of,  274-276 
Breathing,  type  of,  in  infants,  4,  396 
Breathing,  character  of,  in  children, 
397.  See  also  Respiration 
Bronchi,  393 
Brunner’s  glands,  480 

number  of,  in  infants  and  adults, 
481 

Bulbus  arteriosus,  167 
Bunge’s  theory,  514 
Butter,  vitamines  in,  553 
Butyric  acid,  fertilisation  membrane 
and,  38,  41 
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Calcium,  absorption  of  fat  and,  483 
coagulation  of  blood  and,  414 
excitability  of  brain  and,  219,  569 
in  blood,  tetany  and,  569 
in  foetal  brain,  219 
in  milk,  314,  542,  548 
in  urine,  518 

metabolism,  in  foetus,  133 
metabolism,  in  infant,  548 
rickets  and,  548 
source  of,  in  foetus,  136,  137 
Calculi,  salivary,  in  foetus,  178 
Calorific  value  of  body  substance,  541 
value  of  carbohydrate,  531 
value  of  fat,  531 
value  of  milk,  548 
value  of  protein,  531,  541 
value  of  respiratory  gases,  528 
value  of  urinary  nitrogen,  527 
Calorimetry,  foetal,  117-124 
neo-natal,  285 
post-natal,  528  et  seq. 

Carbohydrates,  absorption  of,  486 
as  protein  sparers,  487 
bacterial  action  on,  487,  497 
daily  amount  required  by  foetus,  136 
digestion  of,  486 
heat  value  of,  531 
in  infant  feeding,  486 
in  milk,  547 

percentage  of,  in  blood,  486 
respiratory  quotient  of,  116,  281 
Carbon  dioxide,  action  of,  on  re¬ 
spiratory  centre,  143  et  seq. 
dioxide  in  alveolar  air.  See  Alveolar 
air 

dioxide  in  foetal  blood,  156 
dioxide  in  post-natal  blood,  424 
dioxide,  range,  of  adjustment  of,  166,  j 

167 

Cardiac  cycle  in  foetus  and  adult,  158, 
159 

rapidity  in  foetus,  cause  of,  160 
rate.  See  Pulse  frequency 
Cardinal  points  of  eye,  595  et  seq. 
Cardiogram,  foetal,  159 
Carmine,  use  of,  for  determination  of 
duration  of  passage  of  food,  489 
Cartilage  in  infant’s  skeleton,  319 
Casein,  amino  acids  of,  544 
Caseinogen,  543 

Castration,  osteomalacia  and,  636 
puberty  and,  635 
Catabolism,  520 

Catalytic  action  of  spermatozoa,  40,  41 
Cataract,  a  Mendelian  character,  65 
Cell,  area  of,  90 
definition  of,  12 
division,  14-16 
division,  anticlinal,  99 


Cell  division,  cause  of,  89 
division,  cholin  and,  92 
division,  growth  and,  241 
division,  mathematics  of,  94-105 
division,  periclinal,  99 
division,  polar  furrow  and,  97 
division,  radial,  99 
division,  surface  tension  and,  94  et 
seq. 

functional  activity  of,  determined  by 
its  free  surface,  90 
lineage,  84,  85,  105 
rate  of  growth  of,  108 
structure  of,  12 
surface  of,  90 
volume  of,  90 

Cells,  arrangement  of  cleavage,  93  et 
seq. 

blood.  See  Corpuscles 

cerebro-spinal  fluid,  582 

cortical,  of  brain,  218 

cortical,  of  brain,  function  of,  216 

cortical,  of  brain,  number  of,  218 

cortical,  of  brain,  shape  of,  218 

cortical,  of  brain,  structure  of,  218 

daughter,  16 

germ,  17-30 

neuroglia,  in  foetus,  218 

number  of,  in  body,  5 

number  of,  in  brain,  218 

total  surface  of,  in  body,  554 

total  weight  of,  in  body,  554 

Central  nervous  system.  See  Nervous 
system 

Centre  of  gravity  of  body,  361 
respiratory,  274 

Centrifuge,  effect  of,  on  cell  cleavage, 

85 

Centrolecithal  distribution  of  yolk,  18 

Centrosome,  13 
in  mitosis,  16 

in  mitosis,  theories  of  its  action,  90, 

91 

Centrosphere,  13 

Cerebellum,  foetal,  221 
in  infant  and  child,  556 
in  infant  and  child,  action  of,  564 

Cerebral  activity,  foetal  movements 
and,  207 

activity,  in  infant,  559  et  seq. 
anaemia,  as  cause  of  sleep,  573 
cortex,  excitability  of,  in  foetus,  219 
cortex  in  infant,  558 
cortex,  excitability  of  effects  of  cal¬ 
cium  on,  219,  569 

cortex,  excitability  of  effects  of 
sodium  on,  569 
cortex,  histology  of,  213 
cortex,  number  of  cells  in,  218 
cortex,  structure  of,  216,  218 
lobes,  area  of,  556,  557 
lobes,  in  foetus,  209 
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Cerebral  lobes,  in  infant,  537 
sulci  in  foetus,  209 
sulci  in  infant,  557 
Cerebro-spinal  fluid,  579-583 
fluid,  absorption  of,  579 
fluid,  at  birth,  186 
fluid,  bacteriology  of,  582 
fluid,  cytology  of,  582 
fluid,  hydrocephalus  and,  580 
fluid,  pressure  of,  581 
fluid,  production  of,  579 
fluid,  properties  of,  582 
nervous  system,  salivary  secretion 
and,  179 

Cerebrum,  function  of,  in  foetus,  220 
function  of,  in  infant,  558  et  seq. 
Chalone,  186 
in  placenta,  186 

Chemical  analysis.  See  Composition 
analysis  of  blood,  foetal,  172,  173 
analysis  of  blood,  infantile,  421 
basis  of  child’s  body,  Chapter  XXII 
Chemiotaxis,  34 

Chemistry,  physiological — heredity  and , 
55 

Chest.  See  Thorax 

Child  and  adult,  differences  between, 

1-4 

Child  physiology,  division  of,  4  et  seq. 
Children  and  infants.  See  Table  of 
Contents,  and  various  entries  in 
Index 

Chlorides,  in  urine  of  child,  517 
in  urine  of  new  born,  298 
Cholesterin  in  blood  of  pregnant  woman, 

257 

in  bile,  471 
in  hen’s  egg,  27 
in  meconium,  192 
in  spermatozoa,  28 
Choline,  546 
cell  division  and,  92 
Chorda  tympani,  salivary  secretion  and, 
178' 

tympani,  structure  of,  in  fcetus,  178 
Chorea,  3 

a  Mendelian  character,  66 
Chorion,  127 
Chorionic  villi,  127 

Chorionepithelioma,  lutein  cysts  and, 
638 

Choroid  of  eye,  589 
plexus,  579 

Chromaffine  bodies,  189,  623 
Chromatin,  12,  16 
Chromatoplastids,  14 
Chromosomes,  16 

artificial  removal  of,  from  cells,  50 

germ  plasm  and,  48 

heredity  and,  48,  49 

number  of,  in  cells  of  various  animals, 

17 


Chromosomes,  number  of,  in  ovum,  22 
Chvostek’s  sign,  229,  568 
Ciliary  muscle  in  child,  589 
Circulation  of  blood — 

changes  in,  after  first  breath,  289 
in  embryo,  148 
in  foetus,  148-156 

in  foetus,  consequences  of  peculiarities 
of,  154 

in  foetus,  course  of,  150-154 
in  foetus,  experimental  study  of.  154 
and  155-157 

in  infant  and  child,  Chapter  XXX 
in  infant,  mechanics  of,  432  et  seq. 
transition  from  foetal  to  extra-uterine 
type,  286-289 

Circulation  of  lymph,  pre-natal,  163 
time,  at  various  ages,  434 
Circulatory  system,  foetal,  147-150 
system,  post-natal,  425-432 
system,  in  pregnancy,  258 
Circumference  of  aorta  at  various  ages, 
431 

of  chest,  399,  400,  426 
of  head,  at  various  ages,  555 
of  head,  in  premature  infants,  654 
of  heart,  428 
of  intestines,  478 

Cleavage  cells,  arrangement  of,  89,  93 
of  cells,  radial  form  of,  98 
of  cells,  Sachs-Hertwig's  rule  of,  98 
Clothing,  influence  of,  on  child's  meta¬ 
bolism,  528 

Coagulation  of  blood  in  fcetus,  165 
of  blood  in  infant,  413 
of  blood  in  infant,  factors  which 
influence  the,  414 
of  blood  in  pregnancy,  257 
Coagulation  of  myosin,  203 
Coalescence  of  eggs,  88 
Cochlea,  620 
Cochlear  nerve,  620 
Cod-liver  oil,  vitamines  in,  554 
Coefficient  of  correlation,  88 

of  elasticity,  352.  See  also  Tempera¬ 
ture  coefficient 
Colies’  law,  200 

Colloids,  transmission  of,  by  syncytium, 
128 

Coloboma  of  iris,  a  Mendelian  character, 
65 

Colostrum  corpuscles,  185 
immune  bodies  in,  550 
Colour  blindness,  62-67 
faculty,  604 

Colour  of  eves,  a  Mendelian  character.. 

61 

Colour  index,  171 
of  blood,  164,  414 
skin,  Mendelisrn  and,  69 
vision,  at  birth,  239 
vision,  in  child,  604 
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Commissural  fibres,  *213 
Complement  bodies.  See  Antibodies 
Composition  of  adipose  tissue,  315 
of  ash  of  infants,  314 
of  ash  of  body,  314 
of  ash  of  milk,  314 
of  bile,  471 

of  blood  of  child,  421,  422 
of  blood  of  foetus,  172,  173 
of  body,  310-318 
of  bone,  317 

of  brain  of  child,  557,  558 

of  faeces,  489 

of  foetus,  129,  219,  312 

of  gastric  juice,  181,  462 

of  hen’s  egg,  27 

of  infant’s  body,  310-314 

of  intestinal  juice,  184,  481 

of  lens,  593 

of  liquor  amnii,  139 

of  mammarv  secretion  in  foetus,  185 

of  marasmic  infant,  312 

of  meconium,  191,  192 

of  milk,  543,  544 

of  muscle  in  foetus,  201 

of  muscle  in  infant,  317,  318 

of  nucleus,  24 

of  ovum,  27 

of  pancreatic  juice,  183,  477 
of  placenta,  137 
of  proteins,  544 
of  saliva,  453 
of  semen,  27 
of  spermatozoa,  27 
of  stools,  489 
of  urine  of  foetus,  196 
of  urine  of  infant,  509  et  seq . 
of  urine  of  new-born  infant,  290  et  seq. 
Conception,  physiology  of,  Chapter  III 
Conceptional  age,  642 
stage,  8 

stage,  influence  of  environment  on, 

111 

Conditioned  reflexes,  560-563 
Conduction,  loss  of  heat  by,  405 
Conductivity,  electrical,  of  urine,  309 
of  nerve  stimuli  and  myelin,  213 
et  seq. 

Cones,  function  of,  590 
number  of,  at  birth,  589 
number  of,  in  adult,  590 
Congenital  heart  disease,  154,  155 
heart  disease,  differential  diagnosis 
of,  424 

heart  disease,  normoblasts  and,  164 
heart  disease,  oxygen  content  of 
pulmonary  venous  blood  and,  424 
Conjunctival  reflex  at  birth,  239 
reflex,  in  child,  589 
Conservation  of  energy,  law  of,  2,  529 
et  seq. 

of  matter,  law  of,  2,  520  et  seq. 


Consonants,  order  of  pronunciation  of, 
by  child,  410 

Contraction  of  muscle  of  foetus,  203,  204 
of  muscle  of  infant  and  child,  352, 
353,  354,  355.  See  also  Mechanics 
of  body 

Contraction,  uterine  power  of,  263 
wave,  438 

Control,  muscular,  564 
Convection,  loss  of  heat  by,  405 
Convoluted  tubules,  505,  507 
Convolutional  patterns  of  brain,  211 
Convulsions,  infantile,  229,  569 
Cooling,  Newton’s  law  of,  3 
Co-ordination,  muscular,  absent  in 
infant,  362,  363,  364 
of  laryngeal  and  oral  muscles,  absent 
in  infant,  408.  See  also  Muscle 
balance 

Copulation,  not  necessary  for  concep¬ 
tion,  44 

Cord,  spinal.  See  Spinal  cord 
Cornea,  curvature  of,  586,  587 
Corneal  reflex  at  birth,  239 
reflex  in  child,  589 

Corpus  callosum,  puncture  of,  in  hydro¬ 
cephalus,  580 
luteum,  637 

luteum,  artificial  production  of,  45 
luteum,  function  of,  126,  638 
luteum,  puberty  and,  637,  638 
Corpuscles,  blood.  See  Blood  cor¬ 
puscles 

colostrum,  185 
meconium,  192 
Pacinian,  379 
Correlation  coefficient,  88 
Corresponding  points,  600 
Cortex,  cerebral,  excitability  of,  219, 
558 

cerebral,  histology  of,  213,  55 7 
cerebral,  salivary  secretion  and,  180 
cerebral,  structure  of,  218 
Cortex  of  kidney,  503 
of  suprarenal,  189,  623 
of  suprarenal  and  precocity,  625 
Corti,  organ  of,  620 
Cortical  cells  of  brain,  216,  218 
cells  of  brain,  function  of,  216 
cells  of  brain,  number  of,  218 
cells  of  brain,  shape  of,  218 
cells  of  brain,  structure  of,  218 
Cranium,  321-326 

and  thorax,  relation  between,  in  child 
and  adult,  326 
circumference  of,  326 
Crawling,  365 
Creatin  in  muscle,  202 
in  urine,  197,  513 
Creatinine  in  urine,  513 
Cretinism,  metabolism  in,  627 
thyroid  and,  188,  626 
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Crypt'orhetic  organs,  186.  See  In-  1 
ternal  secretions 
Crystalloids  in  urine,  506 

passage  of,  through  placenta,  128 
Curare,  action  of,  on  foetal  muscle,  204 
Current,  electric,  generated  in  con¬ 
tracting  muscle,  359,  438 
Cutaneous  sensations  in  children,  386 
sensation  in  foetus,  236 
Cystinuria,  511 
Cytokinesis,  106 
Cytolytic  agents,  38 
Cytoplasm,  12 

and  nucleus,  volumetric  relation 
between,  90 
of  ovum,  18 
Cytotaxis,  106 

D 

Daltonism.  See  Colour  blindness 
Daughter  cells,  in  cell  division,  14 
cells,  modified  mitosis  and,  22 
Deafness,  labyrinthine,  621 
middle  ear,  617 
Decidua,  126 

Dementia,  cerebral  cortex  and,  218 
Dentition,  455 
Dentoplasm,  14 
in  ovum,  18 

Development,  energy  of,  117  et  seq. 
environment  and,  110-112 
mechanics  of,  Chapter  VII 
physiology  of,  Chapter  VIII 
temperature  coefficient  of,  39 
theories  of,  Chapter  VI 
Developmental  stimuli,  classification  of, 

1 10 

Dextrose,  in  cerebro-spinal  fluid,  582 
in  urine,  583 
Diabetes  in  infancy,  514 

insipidus,  Mendelism  and,  65 
liquor  amnii  and,  140 
Mendelism  and,  65 
pregnancy  and,  190 
Diarrhoea,  infantile,  urine  in,  508 
Diet  of  child,  551 
Dietetics,  Chapter  XXXIV 
Difference  between  arterial  and  venous 
blood  pressure,  156 
Differences  between  child  and  adult,  1 
between  germ  plasm  and  soma,  47 
between  male  and  female  germinal 
cells,  17 

between  Mendelism  and  biometry, 

71 

Digestion  in  infant  and  child,  3 
and  absorption,  intestinal,  477 
and  absorption  of  carbohydrates,  485- 
487 

and  absorption  of  fat,  482 


Digestion  and  absorption  of  protein, 
487,  488 

and  absolution  in  stomach,  456-466 
in  mouth,  448 
lipaemia,  483 
pregnancy  and,  260 
Digestive  system  in  prematurity,  636 
Diphasic  variation,  439 
Diphenylamine  test,  519 
Diphtheria  antitoxin,  milk  and,  550 
Diploid  number  of  chromosomes,  22 
Disease,  definition  of,  1 
Diseases  in  early  life,  2 
Dissociation  curve,  oxygen,  172 
Division  of  cells,  89.  See  also  Cell 
division 

D  :  N  ratio,  473 
Dominance,  Mendelian,  67 
Drugs,  liquor  amnii  and,  140 
Ductless  glands.  See  also  Internal 
secretory  glands 
glands  in  foetus,  186  190 
glands  in  pregnancy,  258 
vitamines  and,  533 

Ductus  arteriosus  in  child  and  adult, 
compared,  3 

arteriosus,  closure  of,  286 
arteriosus,  embryology  of,  149 
arteriosus,  patency  of,  155 
reuniens,  619 
Ductus  venosus,  288 

venosus  in  child  and  adult,  com¬ 
pared,  3 

venosus,  obliteration  of,  288 
Dwarfism,  Mendelism  and,  65 


E 

Ear,  anatomy  of,  609  et  seq. 
auricle  of,  609 
external,  610  et  seq. 
internal,  619  et  seq. 
middle,  612  et  seq. 

Earthworm,  number  of  chromosomes' 
in,  17 

Echinoderms,  fertilisation  in,  31 
Echolalia,  408 
Eclampsia,  199,  262 
lipoids  in,  138 
Ectoderm,  6,  85 
Egg,  composition  of,  27,  114 
shell,  composition  of,  114 
Eggs,  coalescence  of,  88 
Electrical  excitabilitv  of  cerebral  cortex 
of  child,  558 

excitability  of  cerebral  cortex  of 
foetus,  219 

excitability  of  muscle  of  child,  352, 
353 

excitability  of  muscle  of  fcetus,  263r 
204 
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Electrical  excitability  of  nerve  of  child, 
565-568 

excitability  of  nerve  of  foetus,  228, 
229 

Electrical  resistance  of  child’s  muscle, 
385 

Electrocardiography,  438  et  seq. 
in  child,  443  et  seq. 
in  foetus,  162 

Elimination,  channels  of,  in  new-born, 
292 

Embryo,  circulation  in,  148 
nutrition  of,  125 
respiratory  exchange  in,  118 
Embryology,  definition  of,  82 
physiology  of,  82  et  seq. 

Embryonic  area,  6 

stage  of  intra-uterine  life,  6 
Emmetropia,  605 
Endocardial  pressure,  441 
Endocrine  organs.  See  Internal  secre- 
tory  glands 
Endoderm,  6,  85 
Energy,  conservation  of,  2,  529 
consumption,  law  of  constant,  541 
of  development,  117  et  seq. 
of  growth,  541 

of  maintenance.  See  Maintenance 
ratio 

production,  pre-natal,  law  of,  118, 

120 

Enterokinase,  481 

Environment,  development  and,  110 
sex  determination  and,  54 
Eosinophiles,  in  child,  417 
in  foetus,  169 
Epigenesis,  theory  of,  79 
Epilepsy,  a  Mendelian  character,  66 
Epinephrine,  189,  624 
hypersecretion  of,  in  emotional  states, 
414 

tests  for,  624 

Epiphyseal  cartilage,  growth  of  bone 
and,  346 

Epithelium  in  foetal  lung  alveoli,  142 
Equilibrium  of  body,  362  et  seq.,  564, 
565,  621 

Erectores  pilorum  in  child,  379 
Erepsin,  184,  481 
in  placenta,  138 

Erythroblasts,  in  bone  marrow,  349 
in  foetal  blood,  169 
Erythrocytes.  See  Red  cells 
Eugenics,  70 

Eustachian  tube,  anatomy  of,  613-615 
tube,  obstruction  of,  615 
tube,  tests  for  permeability  of,  615 
valve,  150 

Excitability  of  cerebral  cortex  in  child, 
558 

of  cerebral  cortex  in  foetus,  219 
of  muscle  in  child,  350 


Excitability  of  muscle  in  foetus,  203 
of  nerves,  565-568 
reflex-,  225 

Excretions,  foetal,  191-200 
meconium,  191-193 
nitrogenous,  in  new-born,  292 
placenta  and,  199,  200 
renal,  193-198 
skin,  198 

Experiment,  Gabon’s,  46 

Experiments,  metabolism — in  infants, 
523,  530 

Experimental  embryology,  82 

evidence  of  Weismann’s  theory,  47 
production  of  hybrid  larvae,  51 
study  of  foetal  circulation,  154,  155 
et  seq. 

External  auditory  meatus,  610 
secretions,  foetal,  178-186  See  also 
Secretions 

Extremities,  relative  growth  of,  253 

Eye,  anatomy  of,  585-592 
cardinal  points  of,  599 
optical  constants  of,  595 
principal  points  of,  598 
reflexes  of,  239,  587  et  seq. 

Eyeball,  585-592 
development  of,  585 
muscles  of,  599 
structure  of,  586 

Eyeballs,  distance  between,  601 


F 

Freces,  bacteria  in,  494 
chemistry  of,  489 
colour  of,  500 
composition  of,  489 
fat  in,  483,  491 
histology  of,  492 
in  artificial  feeding,  494 
in  breast  feeding,  493 
nitrogen  in,  490 
quantity  of,  489 
salts  in,  491 

P'allopian  tube,  fertilisation  and,  43, 
125 

tube,  ovum  and,  43,  44 
tube,  puberty  and,  635 
tube,  segmentation  in,  45 
Fat,  absorption  of,  482,  484 
.  and  protein,  in  starvation,  523 
digestion  of,  482 
foetal,  135 
heat  loss  and,  3 
heat  value  of,  531 
in  brain  of  foetus,  219 
in  food  of  child  and  adult,  3 
in  hen’s  egg,  27 
in  milk,  546 
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Fat  in  ovum,  114-116 
in  skin  diseases,  485 
in  spermatozoa,  28 
in  stools,  488 

intestinal  bacteria  and,  497 
of  infant  and  adult  compared,  315 
placenta  and,  135 
respiratory  quotient  of,  116,  281 
Fatigue,  360 

measurement  of,  571 
mental,  571 

muscles  of  child  and,  360 
nerve-,  570 
sleep  and,  5 73 

Feeble-mindedness,  Mendelism  and,  66 
Feeds  of  infant,  frequency  of,  460 
of  infant,  size  of,  460 
Female  and  male  germinal  cells,  differ¬ 
ence  between,  17 
chromosome  in,  52 

Fermentation,  development  of  ovum 
and,  38 

Fermentative  and  putrefactive  bacteria, 
antagonism  between,  499 
Ferments  in  gastric  juice,  1>1,  462 
in  intestinal  juice,  184,  481 
in  meconium,  192 
in  milk,  550 

in  pancreatic  juice,  183,  477 
in  placenta,  138 
in  urine,  515 

Fertilisation,  Chapter  III 
dispermic,  51 

Fallopian  tube  and,  43,  125 
genital  tract  and,  43 
hybrid,  36 
mechanism  of,  34-45 
membrane,  38 
ovarian  pregnancy  and,  43 
selective,  36 
tubal  pregnancy  and,  43 
uterus  and,  43 
Fertilisin,  41 
Fibrin,  165,  256,  414 
Filtration  theory  of  secretion  of  urine, 
157,  506 

Fimbriated  end  of  Fallopian  tube, 
ovum  and,  43 

Fissures  of  brain  in  foetus,  209-212 
Focal  distance,  597 
Focus,  principal,  599 
Foetal  apnoea,  145 
asphyxia,  145 
bile,  182 
blood,  164  177 
blood,  gas  analysis  of,  156 
blood,  quantity  of,  175,  177 
blood,  source  of  iron  in,  136 
blood,  velocity  of,  157 
blood,  volume  of,  177 
calcium,  source  of,  136 
cardiogram,  159,  162 


Foetal  circulation,  147-163 
circulation,  course  of,  150 
circulation,  experimental  study  of, 
155 

circulation,  peculiarities  of,  154 
corpuscles,  168-170 
electro-cardiography,  162 
excretions,  190-200 
fat,  origin  of,  135 
growth,  Chapter  XVIII 
heart,  action  of,  157 
heart,  activity  of,  157 
heart,  embryology  of,  146 
heart,  vagus  and,  160 
heart  beat,  158 
heat,  230 

kidneys,  liquor  amnii  and,  140 
life,  formation  of  ova  in,  20 
lungs,  141,  142 
lymph  circulation,  163 
movements,  204-208 
muscular  system,  200-208 
nervous  system,  209-231 
respiration,  141 
respiratory  movements,  146 
salts,  136 

secretions,  178-190 


secretions, 

external. 

See 

under 

Secretions 

secretions, 

internal. 

See 

under 

Secretions 


sense  organs,  232-240 
serum,  protective  bodies  in,  174 
sleep,  231 

Foetus  and  mother,  biological  connec¬ 
tion  between,  261-263 
blood  vessels  in,  149,  150 
carbohydrates  and,  136 
chemical  composition  of,  129,  312 
extracts  of,  187 

extracts  of,  mammary  glands  and,  187 
food  requirements  of,  134 
heat  production  in,  123-230 
nutrition  of,  125,  129 
protein  requirement  of,  134 
respiratory  exchanges  in,  118 
salt  requirement  of,  134 
Fontanelle,  anterior,  324,  325 
Fontanelles,  324 
Food,  infant’s,  543 
material  in  ovum,  17 
premature  infant’s,  637 
requirements  of  children,  551-554 
specific  dynamic  effect  of,  538 
temperature  of,  metabolism  and,  539 
value  of,  552 
Foramen  ovale,  150 
closure  of,  288 
patency  of,  154 
Fovea  centralis,  590 
Fourth  ventricle,  salivary  secretion  and, 
180 
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Freezing  point  of  urine,  301,  509 
Friedreich’s  disease,  Mendelism  and,  66 
Frog,  chromosomes  in,  17 
Frontal  sinus  in  infant,  389 
Functional  nervous  diseases,  inhibitory 
control  and,  564 

Furrow,  first,  sagittal  plane  and,  87,  88 
Fusion  faculty  of  eye,  600 
of  cells.  See  Coalescence 


G 

Galactose,  486,  547 
Gall  bladder,  capacity  of,  472 
in  foetus,  182 
Gabon’s  experiment,  46 

law  of  ancestral  inheritance,  72 
Galvanometer,  string.  See  Electro¬ 
cardiography 

Ganglia  in  foetus,  spinal,  229 
sympathetic,  229 

Gaseous  exchange  between  lungs  and 
blood,  401 

Gases,  intestinal,  500 
in  blood,  424 

Gastric  digestion,  posture  and,  468 
absorption,  466,  467 
glands,  180,  459 
glands,  development  of,  180 
glands,  number  of,  in  adult,  180,  460 
glands,  number  of,  at  birth,  180 
juice  of  child,  462-466 
juice,  pathological  variations,  463 
juice,  physiological  variations,  462 
juice  of  foetus,  function  of,  182 
juice,  properties  of,  181 
motility,  465 

secretions,  foetal,  181,  182 
secretions  of  child,  462 
secretory  apparatus,  development  of, 
180 

Gastrin,  190 

Gastro-intestinal  secretions  in  child. 
See  Gastric  secretion  and  In¬ 
testinal  secretion 

secretions  in  foetus,  181,  182,  190 
tract,  internal  secretions  of,  190 
Gastrula,  formation  of,  105,  106 
Gemmule  theory,  heredity  and,  47 
Genius,  Mendelism  and,  67 
Genital  tract,  fertilisation  and,  43 
Germ  cells,  11 

cells,  composition  of,  26 
cells,  heredity  and,  11 
plasm,  in  chromosome,  47 
plasm,  poisons  and,  47 
Germinal  stage  of  intra-uterine  life,  4 
Gigantism,  630 

Glands,  external  secretory,  in  foetus, 
178.  See  also  Secretions,  Foetal 
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Glands,  internal  secretory,  in  child. 
See  under  Secretory  glands,  in¬ 
ternal 

in  foetus,  186-190 
Glaucoma,  Mendelism  and,  65 
Globulin  in  cerebro-spinal  fluid,  582 
Glomeruli  in  child’s  kidney,  503,  506 
in  foetal  kidney,  194 
secretion  of  urine  and,  506 
Glycocol  in  urine,  511 
Glycogen,  development  and,  131 
in  embryo,  119 
in  placenta,  136 
in  starvation,  523 
origin  of,  473 

Glycosuria,  195,  514.  See  also  Dia 
hetes 

pancreas  and,  190 
Glycuronic  acid  in  urine,  513 
Goldschmidt’s  reaction,  579 
Graafian  follicle,  nutrition  of,  116 
Granules,  chromatin,  12 
Growth,  amino  acids  and,  544,  545 
amount  of  energy  required  for,  528 
biodynamics  of,  Chapter  XVIII 
cause  of,  254 

factors  influencing,  643-646 
food  and,  643 
impulse  of,  in  foetus,  133 
laws  of,  541 

in  length  of  child,  641-646 
in  length,  pre-natal,  252 
of  bone,  346 
of  cells,  nucleus  and,  12 
of  child,  3 

of  embryo,  phosphorus  and,  115,  116 
of  skull,  323 

of  various  organs,  253,  254 
of  white  rat,  243-248 
post-natal,  639  650 
pre-natal,  Chapter  XL 
quotient,  541 
rate  of,  108,  646 

rate  of,  of  parts  of  bodv  in  child,  646- 
648 

rate  of,  of  parts  of  body  in  foetus,  253 
tables,  648-650 

Guanidin  in  the  blood,  tetany  and,  628 
Guinea-pig,  chromosomes  in,  17 

passage  of  ovum  along  Fallopian 
tube  in,  44 

Gustatory  sense  in  foetus,  236 


H 

Haeckel’s  biogenetic  law,  80 
Hoematoblasts,  421 

Hoematogenous  theory  of  icterus  neo¬ 
natorum,  306 

Haemoglobin  in  blood  of  foetus,  171 
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Haemoglobin  in  infant,  415 
iron  and,  136 
placenta  and,  135 

Hmmohepatogenous  theory  of  icterus 
neonatorum,  307 
Hsemolysin,  174 
Haemolysis,  174 
Haemophilia,  414 
Mendelism  and,  67 

Heemorefractometry.  See  Refractive 
index  of  blood 
Hair,  in  child,  378,  379 
Mendelism  and,  65 
puberty  and,  634 

Haploid  number  of  chromosomes,  22 
Head  of  infant,  321 
relative  growth  of,  254 
shape  of,  326 
Health,  definition  of,  1 
Hearing,  Chapter  XXXVII 

psychology  of,  in  childhood,  622 
sense  of,  in  foetus,  237,  238 
sense  of,  in  infancy,  620 
tests  for,  617,  621,  622 
Heart,  child’s,  anatomy  of,  424-429 
beat,  in  child,  438 
beat  in  foetus,  158 
beat,  mechanism  of,  438 
beat,  origin  of,  441 
deformities,  154 
disease,  congenital,  154 
electrocardiography  of,  438-447 
embryology  of,  147 
foetal,  148,  149 
foetal,  action  of,  157 
foetal,  beat  of,  158 
foetal,  position  of,  149 
foetal,  rate  of,  160,  161 
foetal,  structure  of,  148 
foetal,  weight  of,  149 
in  pregnancy,  258 
muscle,  of  infant,  429 
output  of,  434 
position  of,  425, 

position  of,  electrocardiogram  and, 
442 

relative  growth  of,  254 
trilocular,  154 
weight  of,  429 
work  of,  435 
youthful,  446 

Heat  and  cold,  sensations  of,  234, 
385 

foetal,  230,  231 
foetal  loss  of,  230 
foetal  production  of,  230 
foetal  regulation  of,  230,  231 
production  of,  123 
prooluction  of,  daily,  285 
prooluction,  extra-uterine,  122 
production,  intra-uterine,  123 
production  in  new-born,  285 


Heat  and  cold,  production  in  sleep, 
575 

production  of  human  foetus,  123,  124, 
230 

surface  area  and,  120,  285,  532, 
536 

II eight -age  variations,  table  of,  649 
Height,  annual  increase  of,  650 
and  pulse,  relation  between,  432 
growth  in,  641 
of  children,  639 
pre-natal  growth  in,  252 
Hen's  egg,  analysis  of,  27 
Hepatogenous  causes  of  icterus,  306 
Hereditary  processes,  nature  of. 
Chapter  IV 
Heredity,  46 
chromosomes  and,  48-55 
colour  blindness  and,  62 
definition  of,  11 
Galton’s  law  of,  56 
Mendel’s  law  of,  56 
nuclei  and,  12 
nuclei  of  germ  cells  and,  48 
sex  and,  52 
Hert wig’s  law,  106 
Heterotype  mitosis,  22 
Hiccough  in  foetus,  206 
H  -ion  concentration,  165,  166.  See 
also  Acidity 

concentration  and  foetal  movements, 
207 

Hippuric  acid,  294 
Histidine,  499 

Homolecithal  distribution  in  yolk,  18 
eggs,  radial  cleavage  and,  98 
Hormones,  186 
of  gastrointestinal  tract,  190 
of  placenta,  187 
of  thyroid,  188 

sexual,  636.  See  Internal  secretions 
Hunger  contractions  in  foetus,  206 
contractions  in  infant,  461 
Hyaloplasm,  12 
Hybrid  fertilisation,  36 
larvoe,  production  of,  50 
Hydramnios,  140 
twins  and,  196 
Hydrocephalus,  580 
anterior  fontanelle  in,  325 
types  of,  580 

Hydropericardium  in  foetus,  186 
Hydrothorax  in  foetus,  186 
Hyperemesis,  262 
Hypermetropia  in  child,  592,  605 
in  infants,  592 

Hypertonic  solution,  parthenogenesis 
and,  39 

Hypogastric  arteries,  closure  of,  288 
Hypophysis.  See  Pituitary  body 
Hypotrichosis,  Mendelism  and,  65 
Hysteria,  Mendelism  and,  66 
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Icterus  neonatorum,  304-309 
Idiochromosome,  sex  and,  53 
Ids,  48 

Imbecility,  cerebral  cortex  and,  218 
Immune  bodies  in  blood,  174,  422 
in  milk,  175 

Immunity,  breast  feeding  and,  174, 
550 ' 

Implantation  of  ovum,  45,  126 
Impotence,  636 
X-rays  and,  636 
Impregnation,  artificial,  31 
Indican,  intestinal  decomposition  and, 
475 

Indole,  498 

Infant,  feeding  of,  486,  543 
metabolism,  523-527 
new-born,  phvsiology  of,  Chapter 
XXI 

ovary  in,  20 

premature,  Chapter  XLI 
premature,  acidosis  in,  658 
premature,  infection  in,  658 
premature,  physiology  of,  Chapter 
XLI 

Infantilism,  pituitary  and,  629 
Infection,  bacterial,  prematurity  and, 
658 

Infectious  disease,  breast  feeding  and, 
550 

Inferior  vena  cava,  152 
Inheritance,  ancestral,  72 
and  acquired  characters,  47 
blending  of  character  and,  67 
environment  and,  111 
intellect  and,  63 
Mendelian,  60 

Inherited  characters,  classification  of, 
64 

Inhibition  of  brain  on  spinal  reflexes, 
224 

vagus,  fcetal  heart  and,  161 
Inhibitory  control  in  childhood,  564 
Injections,  intravenous,  in  infants, 
325 

Inorganic  substances  in  urine,  515 
Insanity,  Mendelism  and,  66 
Insulin,  190 

Intellect,  a  Mendelian  character,  66 
Internal  ear,  615 

Internal  secretion,  bone  growth  and, 
347 

secretion,  foetal,  186-190 
secretion  of  extracts  of  foetus,  187 
secretion  of  gastro-intestinal  tract, 

190 

secretion  of  pancreas,  190 
secretion  of  parathyroids,  1 88 
secretion  of  pituitary,  189 
secretion  of  placenta,  186 
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Internal  secretion  of  suprarenals,  189 
secretion  of  thymus,  187 
secretion  of  thyroid,  188 
uterine  action  and,  267 
Internal  secretion  in  infant,  Chapter 
XXXVIII 

secretion  of  corpus  luteum,  637 
secretion  of  parathyroids,  627,  628 
secretion  of  pineal,  630 
secretion  of  pituitary,  628-630 
secretion  of  suprarenals,  623-625 
secretion  of  thymus,  631-633 
secretion  of  thyroid,  626,  627 
Intestinal  absorption  and  digestion, 

477 

absorption  and  digestion  of  carbo¬ 
hydrate,  485 

absorption  and  digestion  of  fat,  482 
absorption  and  digestion  of  protein, 

487 

area,  V.  Pirquet’s  law  of,  479 
area,  food  intake  and,  479 
bacteria,  493  et  seq. 
decomposition  products,  197 
decomposition  products  in  urine,  513 
decomposition  products  of  foetus,  197 
excretions,  foetal,  191-193 
gases,  500 

putrefaction,  liver  and,  475 
secretion  in  child,  481 
secretion  in  foetus,  184,  190 
tract,  anatomy  of,  477 
tract  in  infancy,  477 
tract,  structure  of,  479 
Intestine  of  child,  bacteria  in,  493 
of  child,  classification  of,  499 
of  child,  distribution  of,  495 
of  child,  function  of,  497 
Intraocular  pressure,  604 
Intra-uterine  development,  law  of 
energy  of,  122 
life,  stages  of,  4 

Intravenous  injections  in  infants,  325 
Invertin,  183 
Iris,  587-588 
Iron,  in  blood,  171 
in  foetus,  130,  136 
in  foetus,  source  of,  136 
in  milk,  547 
in  mother,  130 
in  pregnancy,  130,  261 
in  spermatozoa,  28 
in  urine,  518 

Isolecithal  distribution  of  yolk,  18 


J 

Jaundice  in  new-born,  304-309 
Jaws  in  child  and  adult,  323 
Jumping  height,  377 
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K 

Karyokinesis,  15 
Karyoplasm,  12 
Katathermometer,  405 
Keratosis,  Mendelism  and,  65 
Kidneys  in  child,  502,  503 

in  foetus,  anatomy  and  physiology  of, 
194 

in  foetus,  embryology  of,  194 
Mendelism  and,  65 
Knee-jerks  in  foetus,  227 
in  infant,  570 
in  pregnancy,  261 
in  sleep,  574 
Knock  knee,  343 


L 

Labour,  267-270 
cause  of,  267 
changes  in  foetus  in,  269 
effect  of,  on  child,  269 
effect  of,  on  mother,  269 
pains,  foetal  heart  rate  and,  161 
Labyrinth  of  ear,  619-621 
Lachrymal  secretion  in  foetus,  186 
Lactalbumin,  543-545 
Lactase,  184 
Lactic  acid,  497 
Lactose  in  milk,  547 
in  urine,  513 

Langerhans,  islets  of,  190 
Larynx  of  child,  391 
Latent  period,  220,  354 
Law,  biogenetic,  80 
Gabon’s,  56 
Haeckel’s,  80 
Hertwig’s,  106 
Mendel’s,  56 

of  hone  transformation,  343 
of  conservation  of  energy,  529 
of  constant  energy,  consumption,  541 
of  development,  47 
of  energy  of  intra-uterine  develop¬ 
ment,  122 
of  growth,  541 
of  length  of  life,  542 
of  minimal  surface  area,  94 
of  minimal  cell  division  and,  94 
of  surface  area,  Rubner’s,  401,  402, 
536 

Rubner’s,  401,  402,  536 
Sachs- Hertwig’s,  98 
Von  Pirquet’s,  479 
Lecithin  in  brain,  546 
in  brain  of  foetus,  219 
embryonic  respiration  and,  114 
in  hen’s  egg,  27 
in  milk,  546,  547 


Lecithin  in  ovum,  114 
in  spermatozoa,  28 

Length  of  child,  metabolism  and,  540 
and  pulse,  relation  between,  432 
and  weight,  variations  of,  643 
curve,  642 
growth  in,  252,  641 
of  foetus  at  different  ages,  654 
of  premature  infant,  654 
Lens,  591,  593 

Leucocytes  in  cerebro-spinal  fluid  in 
blood,  416 

in  cerebro-spinal  fluid  in  blood,  per¬ 
centage  of,  419 

in  cerebro-spinal  fluid  in  blood, 
varieties  of,  417 
Leucocytosis,  269,  416,  420 
Leukaemia,  128 
Lieberkiihn’s  follicles,  480 
Light,  sense  of,  603 
in  foetus,  237 
Limbs,  formation  of,  107 
in  infant,  330 

Lime  salts  in  foetus,  130,  314 
in  milk,  548 
in  placenta,  137,  138 
in  pregnancy,  137 

Lingual  nerve,  salivary  secretion  and, 

180 

Lipase  in  gastric  juice,  182 
Lipcemia  digestion,  483  j 
Lipoids  in  placenta,  138 
Liquor  amnii,  foetal  nutrition  and, 
138 

amnii,  properties  of,  139 
amnii,  source  of,  140 
Liver,  469-476 

anatomy  and  physiology  of,  469 
bile,  471,  472 
foetal  corpuscles  and,  170 
foetal  iron  and,  136 
functions  of,  470-476 
histology  of,  470 

intestinal  decomposition  and,  475 
in  pregnancy,  260 
oxidative  properties  of,  472 
Locomotion,  365-370 
of  spermatozoa,  25 
Longitudinal  sinus,  superior,  325 
Lumen  of  aorta,  150 
Lungs,  foetal,  141,  142 
in  infant,  393-401 

Lutein  cysts,  chorionepithelioma  and, 
638 

Lymph,  pre-natal  circulation  of,  163 
Lymphocytes,  417,  420 
Lymphocytosis  in  cerebro-spinal  fluid, 
582 

in  infancy,  421 

tubercular  meningitis  and,  582 
Lymphoklocyte,  420 
Lysin,  nuclear  membrane  and,  38 
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M 

Macula,  590 
Maintenance  ration,  540 
Male,  chromosomes  in,  54 

and  female  germinal  cells,  differences 
between,  17 
pronucleus,  31 

Malformations,  production  of,  6 
Malpighian  bodies,  194 
Maltase,  184 

Mammalian  embryo,  respiratory  ex¬ 
changes  in,  118 
ovum.  See  Ovum 

Mammary  glands,  development  of,  185 
glands,  foetal  extracts  and,  187 
glands,  placenta  and,  186 
glands,  secretion  of,  185 
Mammary  secretion  in  foetus,  185 
secretion,  placenta  and,  187 
Mandibular  reflex,  570 
Marasmus,  485 
Marrow,  bone,  348 
cells,  349 

Mastoid  in  infant,  618,  619 
Maturation  of  ovum,  20 
of  spermatozoa,  25 
Matured  ova,  number  of,  18 
Mayerhofer’s  test,  519 
Maxillary  sinus,  389 
Mechanics  of  development,  82-114 
of  fertilisation,  34 
of  formation  of  amphiaster,  92 
of  mitosis,  90 
Meconium,  191-193 

bacteriology  of,  192,  493 
composition  of,  191,  192 
origin  of,  192 
Medulla,  foeial,  221 
Meiosis,  22 

Membrane,  fertilisation,  38 
Membranous  labyrinth,  619-621 
labyrinth,  acoustic  part  of,  620 
labyrinth,  disease  of,  621 
labyrinth,  static  part  of,  621 
Mendel’s  law  of  heredity,  56 
Mendelian  expectation,  58 
inheritance,  60 

Meningitis,  anterior  fontanelle  in,  325 
Menopause,  castration  and,  636 
Menstrual  period,  maturation  of  ovum 
and,  20 

Menstruation,  physiology  of,  638 
puberty  and,  635 

Mental  fatigue,  measurement  of,  571, 
572 

fatigue,  sleep  and,  573 
Merogony,  32 
Mesophase,  16 

Metabolism  in  child,  surface  area  and, 
402 

factors  influencing,  537 


Metabolism  in  child  and  adult,  relation 
between,  532 
in  foetus,  122 
in  pregnancy,  119 
of  child,  520-542 
of  infant,  280-285,  523-536 
of  nitrogen  in  embryo,  131 
of  protein  in  embryo,  131 
pre-natal,  physiology  of,  114 
Metaphase,  16 
Metre  angle,  602 

Microcephaly,  anterior  fontanelle  in, 
325 

Micturition  in  foetus,  196 
Middle  ear,  612  et  seq. 

ear  deafness,  tests  for,  617 
Milk,  ash  of  new-born  and  composition 
of,  314 

antibodies  in,  549 
biological  ferments  in,  550 
biological  properties  of,  549 
biological  vitamines,  551 
carbohydrates  in,  547 
composition  of,  543 
daily  amount  required,  548 
daily  amount  required  in  artificial 
feeding,  548 

daily  amount  required  in  breast  feed¬ 
ing,  548 
fats  of,  546 

fresh  and  boiled,  tests  for,  557 
immune  bodies  and,  550 
increase  in  weight  and,  541 
iron  in,  130 
lecithin  in,  547 
pregnancy  and,  133 
proteins  of,  543,  545,  547 
salts  in,  547,  548 

secretion  of,  corpus  luteum  and,  45 
source  of,  and  its  effect  on  metabolism, 
539 

tests  for  fresh  and  boiled,  557 
Mind,  at  puberty,  634 
Mineral  salts.  See  Ash 
Minimal  metabolism,  538 
metabolism,  food  and,  539 
Mitosis,  mechanism  of,  90 
stages  in,  14 
Monospermy,  35 
Monstrosities,  adrenals  and,  189 
embryonic  stage  and,  6 
production  of,  6 
Morula,  5 

Mother  and  foetus,  biological  connec¬ 
tion  between,  261 
Motility  of  stomach,  465,  466 
Mouse,  chromosomes  in,  17 
Mouth,  digestion  in,  448 
Movements,  bodily,  in  child,  363 
fcetal,  204-208 
foetal,  cause  of,  207 
foetal,  varieties  of,  205 
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Movements  of  foetal  organs,  206 
of  spermatozoa,  25 
Mucous  secretion  of  mouth,  179 
Muscarin,  action  of,  on  vagus,  160 
Muscle,  angle  of  pull  of,  371-374 
associated  action  of,  374 
balance  and  fusion  faculty  of  eye,  600 
bone  architecture  and,  340 
composition  of,  351 
composition  of  chemical,  201,  317 
creatin  in,  202 

efficiency  of,  as  work  machine,  359 
electrical  excitability  of,  203,  350 
electrical  resistance  of,  355 
energy  liberated,  358 
foetal,  curare  and,  204 
foetal,  electrical  stimuli  and,  203 
force,  356,  357 
force  at  different  ages,  375 
mode  of  action  of,  371 
physical  properties  of,  351 
structure  of,  201,  350 
work  and,  358 
Muscles  of  eyeball,  599 
of  eyeball  in  adult,  600 
of  eyeball  at  birth,  600 
throwing,  377 

Muscular  activity,  metabolism  and,  537 
control,  determination  of,  564,  565 
system,  in  child,  350-360 
system,  in  foetus,  200-208 
Musculo-cutaneous  reflexes  at  birth, 
226 

Myelin  sheath  in  brain  of  foetus,  215 
sheath  in  peripheral  nerves  of  foetus, 
228 

sheath  in  spinal  cord,  222 
Myelinisation  of  central  nervous  system, 
222,  558 

Myeloplaxes  in  bone  marrow,  349 
Myogenic  rhythm  of  foetal  heart,  157 
Myogram  in  child,  355 
in  disease,  355 
in  new-born,  203.  355 
Myopia  in  infants,  606 
school,  606-608 
Myosin  in  foetal  muscle,  201 
Myxoedema,  thyroid  and,  188 


N 

Nasal  cavity,  387 
duct,  in  infant,  389 
sinuses,  389 

Near  point,  602 

Neo-natal  period,  physiology  of, 
Chapter  XXI 

Nerve  cells,  muscle  fatigue  and,  571 
cells  in  spinal  cord,  222 
endings,  tactile,  233 


Nerve  fatigue,  5 70 

fibres  of  spinal  cord,  222 
fibres  of  stomach,  181 
impulse,  nature  of,  568 
Nerves,  electrical  excitability  of,  565- 
569 

in  child,  565-570 
in  foetus,  227,  228 
Nervous  system,  Chapter  XXXV 
system,  chemistry  of,  557 
system  in  foetus,  Chapter  XVI 
system,  histology  of,  at  birth,  222, 
557 

system,  Mendelism  and,  66 
system  in  pregnancy,  261 
system  in  prematurity,  655 
system,  salivary  secretion  and,  179 
Neuroglia  cells  in  foetus,  216 
Neuro-keratin  in  foetal  brain,  219 
Neuromuscular  endings,  204 
New-born  baby,  physiology  of,  Chapter 
XXI 

Newton’s  law  of  cooling,  3 
Night  blindness,  Mendelism  and,  66 
Nissl’s  granules  at  birth,  229 
Nitrates  and  nitrites,  urine,  517 
test  for,  519 

Nitrogen,  development  of  embryo  and, 
132 

elimination  in  new-born,  292 
inorganic,  in  urine,  517 
in  pregnancy,  261 
in  stools,  490 
in  urine,  amount  of,  512 
in  urine,  calorific  value  of,  527 
in  urine,  excretion  of,  296,  517 
metabolism  in  embryo,  132 
non-protein,  in  blood,  421,  422 
Normoblasts,  169 

congenital  heart  disease  and,  169 
Nose  in  child,  387-389 
in  pregnancy,  259 
Nuclear  division,  39 

membrane,  liquefaction  of,  39 
sap,  12 
Nuclease,  184 
Nucleated  red  cells,  169 

red  cells,  congenital  heart  disease 
and,  169 

Nuclei  of  germ  cells,  chromosomes  in, 
48 

of  somatic  cells,  chromosomes  in,  48 
Nucleic  acid  in  thymus,  55 
acid  in  sperm,  55 
Nuclein,  in  spermatozoa,  28 
Nucleolus,  12 

Nucleon,  amount  of,  in  foetal  blood, 
173 

Nucleo-proteins,  chromatin  and,  12 
growth  of  embryo  and,  114 
in  placenta,  138 
Nucleus,  12 
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Nucleus,  cell  division  and,  37 
cell  respiration  and,  89 
composition  of,  12 
cytoplasm  and,  relation  between,  12 
definition  of,  12 
in  human  ovum,  18 
Number  of  alveoli  in  lung,  395 
of  erythrocytes  in  blood,  168 
of  leucocytes  in  blood,  168 
Nutrition  of  embryo  and  foetus,  125 
of  fertilised  ovum,  125,  126 
of  ovarian  ovum,  125 
through  placenta,  127 


o 

Obesity,  Mendelism  and,  67 
(Esophagus,  454 

Ontogenetic  energy,  fats  in  ovum  and, 
16 

Ontogeny,  phylogeny  and,  80 
Opsonins,  milk  and,  550 
Optic  axis  at  various  ages,  595 
disc,  591 
nerve,  591 

Optical  constants  of  eye,  596 
Orbit,  323,  585 
Organisation  of  ovum,  83 
Organogenesis,  6 
Organs,  formation  of,  107-110 
of  reproduction,  4 
of  reproduction,  puberty  and,  635 
of  reproduction,  thymus  and,  187 
Osmosis,  liquefaction  of  nuclear  mem¬ 
brane  and,  38 
ovum  and,  128 
syncytium  and,  128 
Ossicles  of  ear,  612,  613 
Ossification,  prematurity  and,  655 
Osteogenesis,  periosteum  and,  345 
Osteomalacia,  ovaries  and,  636 
pregnancy  and,  133,  137 
Otitis  media  in  infants,  616,  617 
Ova,  number  of  matured,  18 
Ovarian  pregnancy,  fertilisation  and, 
43 

Ovaries,  implantation  of  ovum  and,  45 
at  puberty,  635 
osteomalacia  and,  636 
X-rays  and,  638 
Ovary  of  infant,  20 
at  puberty,  20,  635 
Ovum,  axis  of  symmetry  of,  86 
composition,  27 
fats  in,  114-116 

fertilised,  growth  stimulus  and,  255 
food  material  and,  17 
human,  discovery  of,  78 
implantation  of,  45,  126 
lecithin  in,  27,  1 14 


Ovum,  maturation  of,  20 
method  of  reaching  tube,  43 
nutrition  of,  125,  126 
organisation  of,  83 
size  of,  18 

Ox,  number  of  chromosomes  in,  17 
Oxidation  in  cell,  nucleus  and,  89 
temperature  coefficient  of,  table,  42 
Oxygen,  chick  embryo  and,  116 
disintegration  of  ova  and,  38 
dissociation  curve  of  foetal  blood,  172 
need  of  new-born  for,  276 
Oxyhemoglobin  in  umbilical  cord,  118 


P 

Pain,  sensation  of,  234,  235 
Pancreas,  anatomy  of,  476 
development  of,  182 
in  foetus,  182 
physiology  of,  477 
secretion  of,  477 
secretion  of,  in  foetus,  183,  190 
weight  of,  476 

Pancreatic  juice  in  foetus,  182,  183 
juice  in  infant,  477 
Pangenesis,  heredity  and,  46 
Panniculus  adiposus  in  infants,  379 
Paralinin,  12 

Paramoecium,  number  of  chromosomes 
in,  17 

Paraplegia,  spastic  congenital,  224 
Parathyroids,  627,  628 
in  foetus,  189 
tetany  and,  189,  628 
Parotid  salivary  gland,  178-180 
Parthenogenesis,  33 
Pathological  differences  between  child 
and  adult,  2 
Pelvis,  329 
puberty  and,  635 
Pepsin,  462 

in  foetal  gastric  juice,  181 
in  placenta,  138 
Periclinal  cell  division,  103 
Periosteum,  osteogenesis  and,  345 
structure  of,  321 

Peristalsis,  of  Fallopian  tube,  44 
in  foetal  intestine,  193 
Perspiration,  381 
Peyer’s  patches,  480 
Phenol-sulphone-phthalein  tests,  579 
Phosphates,  foetal,  130 
in  placenta,  137 
in  pregnancy,  261 
in  urine,  515 
in  urine  of  new-born,  298 
Phosphoric  acid  in  milk,  543 
Phosphorus,  growth  of  embryo  and,  1 16 
Phylogeny,  ontogeny  and,  80 
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Physico-chemical  aspectsof  fertilisation, 
36 

Physiological  anatomy.  See  under  the 
various  organs 
aspect  of  embryology,  82 
chemistry,  heredity  and,  55 
differences  between  child  and  adult,  2 
embryology  of  heart,  147 
units  of  body,  cells  as,  1 1 
Physiology,  ante-natal,  4 
child,  definition  of,  1 
child,  divisions  of,  4,  8 
of  birth,  267-270 
of  bone,  332-349 
of  brain,  558-565 
of  circulation,  424-447 
of  conception,  31 
of  ear,  609-622 
of  eye,  585 
of  menstruation,  638 
of  neo-natal  period,  273-310 
of  nerves  and  spinal  cord,  565-573 
of  pregnancy,  256-263 
of  premature  infant,  653-658 
of  pre-natal  development  and  meta¬ 
bolism,  114-124 

of  skin  in  infancy  and  childhood, 
378-386 
of  sleep,  573 
of  speech,  408-410 
of  sucking,  448 
Pineal  gland,  630,  631 
Pituitary  gland,  628-630 

gland,  active  principle  of,  629 
gland,  acromegaly  and,  630 
gland,  extirpation  of,  629 
gland,  function  of,  628 
gland,  hypertrophy  of,  630 
gland,  in  foetus,  189 
gland,  infantilism  and,  629 
Placenta,  analysis  of,  137 
fat  absorption  by,  135 
ferments  in,  136 
foetal  blood  and,  150 
foetal  excretions  and,  199 
formation  of,  127 
glycogen  in,  138 
internal  secretion  of,  186 
lipoids  in,  138 
mammary  glands  and,  186 
nucleo-proteins  in,  138 
nutrition  of  ovum  and,  127 
proteins  and,  134 
proteolytic  ferments  and,  134 
respiration  and,  118 
selective  action  of,  127 
uterine  action  and,  267 
Plantar  reflex,  570 

Plesch’s  method  of  determining  C02 
tension  in  alveolar  air,  303 
Poisons,  germ  plasm  and,  47 
Polar  body,  21,  22 


Polar  furrow,  97 
Poles  of  egg,  84 
Politzer’s  test,  615 
Polygraph,  438 
Polyspermy,  35 
Position  of  foetal  heart,  149 
Post-conceptional  stage  of  child  physi¬ 
ology,  8 

stage,  environment  and,  111 
Posture  of  body,  362 
Precipitin  test,  488 
Precocious  puberty,  637 
Preformation  theory  of  development, 

77,  86 

Pregnancy,  Abderhalden’s  test  for,  174, 
257,  488 
anaemia  in,  130 
blood  making  organs  and,  258 
calcium  in,  137,  138 
circulatory  system  in,  258 
diabetes  and,  190 
digestive  system  in,  259 
ductless  glands  in,  189 
metabolism  in,  119,  261 
nervous  system  in,  261 
nitrogen  and,  261 
oxygen  and,  119 
physiology  of,  256-263 
respiratory  system  and,  259 
spleen  in,  260 
symbiosis  and,  262 
toxaemia  and,  262 

Premature  infant,  physiology  of,  654-658 
infant,  bacterial  infection  and,  658 
infant,  peculiarities  of,  654-658 
Prematurity,  ossification  and,  655 
Pre-natal  circulation,  147 
circulation  of  lymph,  163 
development,  114 
growth  in  length,  252 
growth  of  man,  249-252 
growth  of  organs,  253-255 
metabolism,  114 

Pressure,  blood.  See  Blood  pressure 
of  cerebro-spinal  fluid,  581 
intraocular,  604 

Progression  of  spermatozoa,  rate  of,  25 
Pro-nucleus,  31 

Propagative  part  of  animal,  47 
Prophase,  16 

Protective  bodies  in  blood  serum,  I74r 
422.  See  also  Antibodies 
Protein,  amount  required  by  children, 
552 

amount  required  by  foetus,  134 
amount  required  by  infant,  545 
and  fat  in  starvation,  523 
and  urea  in  urine,  296 
digestion  and  absorption  of,  487.  488 
energy  of  development  and,  131 
glomerulus  of  kidney  and,  506 
in  brain  of  foetus,  219 
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Protein  in  cerebro-spinal  fluid,  582 
in  hen’s  egg,  27 
in  milk,  543,  544 
in  semen,  27 
in  spermatozoa,  28 
intestinal  bacteria  and,  498 
metabolism  of,  in  embryo,  131 
passage  of,  from  mother  to  foetus,  134 
Protoplasm,  18 
Psychology  of  hearing,  622 
Ptyalin  in  saliva  of  foetus,  179 
Puberty,  age  of,  635 
castration  and,  635,  636 
changes  in,  634,  635 
corpus  luteum  and,  637,  638 
ovary  in,  636 
precocious,  637 
reproductive  organs  in,  635 
Pulmonary  artery  in  boys  and  girls, 
150 

stenosis,  155 
Pulse,  in  foetus,  156 
frequency,  432 
height  and,  432 
in  infancy  and  childhood,  432 
pressure,  437 
rate,  432 

respiration  ratio,  397 
wave,  velocity  of,  433 
Punctum  proximum  at  various  ages, 
602 

Pupil  in  child,  587,  588 
in  foetus,  239 


Q 

Quickening,  207 
Quotient,  growth,  541 
respiratory,  116,  281 


R 

Radial  cleavage,  morphology  of,  98 
Radiography  of  heart,  427,  428 
of  stomach  of  infant,  456 
Rat,  chromosomes  in,  17 
white,  growth  of,  243-248 
Reaction.  See  Acidity 
time,  236,  237,  566 
Red  cells,  168,  414 
Reduction  index  of  urine,  518 
of  chromatin  material,  20 
Reflex,  conditioned  and  trace,  559-564 
Reflexes  at  birth,  225,  226 
in  child,  569,  570 
in  pregnancy,  261 
in  sleep,  574 

Refraction  in  children,  593 
squint  and,  600 


Refractive  index  of  blood,  423 
Renal  excretion.  See  Urine 
excretion,  in  foetus,  193-198 
excretory  products  in  liquor  amnii, 
139 

Rennin  in  foetal  gastric  juice,  181 
in  meconium,  192 
Reproduction,  17 
organs  of,  4 

organs  of,  puberty  and,  635 
organs  of,  thymus  and,  187 
Respiration,  387-410 
cerebro-spinal  fluid  and,  582 
embryonic,  114 
foetal,  141-146 
in  infants,  396,  397 
intra-uterine,  207 
in  labour,  269 
nervous  mechanism  of,  143 
physiological  anatomy  of,  387 
in  prematurity,  656 
rate  of,  in  child  and  adult,  4 
speech  and,  410 
in  sleep,  574 
types  of,  396 

Respiratory  apparatus,  387 
capacity  of  foetal  blood,  172 
centre,  first  breath  and,  275 
centre  in  foetus,  142 
C02,  528 

exchanges,  calculation  of,  528 
exchanges  in  human  foetus,  119 
exchanges  in  human  embryo,  119 
exchanges  in  mammalian  embryo, 
118  ^ 

exchanges,  measurement  of,  528 
movements  in  foetus,  146 
02,  calorific  values  of,  528 
quotient,  116,  281 
quotient,  body  weight  and,  285 
quotient  in  incubating  egg,  116 
quotient  in  mammalian  foetus,  118, 
119 

quotient  in  new-born,  281-284 
quotient,  meaning  of,  117 
system  in  pregnancy,  259^ 

Retina,  589-591 

Retinitis  pigmentosa,  Mendelism  and, 
65 

Rheumatism  in  child  and  adult,  2 
Ribs  in  infant,  329 
Rickets,  2,  319 
anterior  fontanelle  in,  325 
bone  trabeculae  in,  343 
calcium  metabolism  and,  518 
foetal,  thyroid  and,  188 
myogram  in,  355 
teeth  in,  455 
vitamines  and,  553 

Right  auricle,  mixing  of  blood  in,  152 
Rigor  mortis,  203 
Romberg’s  test,  621 
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Romberg’s  test  in  disease  of  static  laby¬ 
rinth,  621 
test  in  tabes,  621 
Rubner’s  law,  529,  532,  536 


s 

S.A.  node,  441 

Sachs-Hertwig’s  law  of  cleavage,  98 
Saliva  in  foetus,  178 
in  infant,  452,  453,  454 
in  pregnancy,  260 
Salivary  calculi,  179 
glands,  453,  454 
glands,  development  of,  178 
glands,  function  of,  in  child,  453 
glands,  function  of,  in  foetus,  179 
glands  in  infant,  453,  454 
glands,  nervous  mechanism  of,  in 
child,  454 

glands,  nervous  mechanism  of,  in 
foetus,  179 

glands,  secretion  of,  452,  454 
glands,  weights  of,  at  different  ages, 
452 

Salivary  secretion,  in  child,  452,  454 
secretion  in  foetus,  178,  179,  180 
secretion  in  pregnancy,  260 
Salts,  foetal,  136 
in  foetal  blood,  173 
in  milk,  547,  548 
in  stools,  490 
Sap,  nuclear,  12 
Schenk’s  theory  of  sex,  54 
Sclerema  neonatorum,  316 
Sclerotic  of  eye,  586 
Scoliosis,  364 

Scurvy  in  child  and  adult,  2 
vitamines  and,  553 

Sea-urchins’  eggs,  development  of,  36 
eggs,  fusion  of,  88 
Sebacious  glands  in  child,  378 
glands  in  foetus,  185 
secretion,  185 
Secretin,  190,  481 

Secretion  of  ductless  glands.  See 
Secretions,  and  also  Secretory 
glands 

of  pancreas,  477 
of  saliva,  452 
of  stomach,  462-466 
of  sweat,  380,  381 
of  urine,  505-507 

Secretions,  foetal,  External,  178-186 
foetal,  biliary,  182 
foetal,  gastric,  180 
foetal,  intestinal,  184 
foetal,  lachrymal,  1 86 
foetal,  mammary,  185 


Secretions,  foetal,  pancreatic,  182,  183 
foetal,  salivary,  178,  179 
foetal,  sebacious,  185 
foetal,  serous  membranes,  186 
foetal,  vaginal,  186 
Secretions,  foetal,  Internal,  186-190 
foetal,  external  and  internal,  differ¬ 
ences  between,  186 
foetal,  extracts  of  foetus,  187 
foetal,  of  gastro-intestinal  tract,  190 
foetal,  of  pancreas,  190 
foetal,  of  parathyroids,  188 
foetal,  of  pituitary,  189 
foetal,  of  placenta,  186 
foetal,  of  suprarenals,  189 
foetal,  of  thymus,  187 
foetal,  of  thyroid,  188 
internal,  bones  and,  347 
in  sleep,  574 
pregnancy  and,  189 
Secretory  glands,  internal,  622-633 
glands,  corpus  luteum,  637 
glands,  parathyroids,  627,  628 
glands,  pineal,  630 
glands,  pituitary,  628-630 
glands,  suprarenals,  623-625 
glands,  thymus,  631-633 
glands,  thyroid,  626,  627 
Secretory  theory,  urinary,  506 
Segmentation  nucleus,  31 
stage  of,  4 

Segmenting  ovum,  surface  tension  and, 
98 

Selective  fertilisation,  36 
Semen,  amount  of,  27 
composition  of,  27 
suction  of,  by  uterus,  35 
Sensation,  cutaneous,  386 
auditory,  Chapter  XXXVIII 
visual,  Chapter  XXXVII 
Sense  organs,  foetal,  Chapter  XVII 
Sepsis,  infant  and,  174 
premature  infant  and,  658 
Serous  membranes  in  foetus,  186 
Serum,  blood,  protective  substances  in. 
422 

blood,  in  foetus,  174 
specific  gravity  of,  412 
Sex,  environment  and,  54 
foetal  pulse  rate  and,  161 
height  and,  645 
heredity  and,  52 
idiochromosomes  and,  53 
-limited  characters,  62,  67 
number  of  erythrocytes  and,  168 
Schenk’s  theory  of,  54 
twins  and,  54 
weight  and,  645 
zygote  and,  54 
Sexual  hormone,  636 
Shell  membrane,  1 14 
Siamese  twins,  112 
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Sino-auriculo  node,  147,  111 
Sinuses  of  nose,  389 
Sinus  arrhythmia,  449 
venosus,  147 
Skein,  19 

Skeletal  anatomy  of  infant  and  adult, 
Chapter  XXIII 
of  premature  infant,  955 
Skin,  excretions  of,  in  foetus,  198 
in  foetus,  233-236 

in  infancy  and  childhood,  physiology 
of,  Chapter  XXVII 
in  pregnancy,  290 
in  premature  infant,  954 
Mendelism  and,  94 
superficial  area  of,  381,  382 
sweat  secretion  of,  380 
Skull,  cubic  capacity  of,  323 
of  infant,  321-329,  555 
at  puberty,  555 
Sleep,  cause  of,  573 
foetal,  231 

physiology  of,  573-579 
Smell,  sense  of,  in  foetus,  237 
Somatic  part  of  animal,  47 
Spasmophile  diathesis,  599 
Spastic  paraplegia,  congenital,  224 
Specific  gravity  of  blood,  411 
gravity  of  body,  383 
gravity  of  cerebro-spinal  fluid,  582 
gravity  of  serum,  412 
gravity  of  urine,  197,  290,  508 
Spectrophotometry,  171,  305 
Speech,  physiology  of,  408-410 
Spermatozoa,  accessory,  35 
chemistry  of,  28 
composition  of,  28 
fertilisation  and,  34,  35 
human,  23 
inheritance  and,  11 
maturation  of,  25 
movement  of,  25 
number  of,  18 
size  of,  24 
structure  of,  24 
vitality  of,  29 
Sphenoidal  sinus,  389 
Sphygmograph  in  foetus,  159 
in  infants,  432 
Spina  bifida,  1 12 
Spinal  cord,  557 

cord  at  various  ages,  328 
cord  in  foetus,  221-227 
cord,  relative  growth  of,  254 
cord,  vertebral  canal  and,  328 
ganglia,  foetal,  229 
Spine,  329-328 
Spireme,  16 
Spleen  in  child, 

foetal  corpuscles  and,  170 
in  pregnancy,  258 
in  pregnancy,  iron  in,  139 


Squint,  600,  601 
Stability  of  standing,  392 
Starvation,  glycogen  in,  523 
protein  and  fat  in,  523 
Status  lymphaticus,  931 
Steapsin,  183 
Step  in  walking,  397 
Stimuli,  developmental,  110 
Stimulus  of  growth,  254 
Stomach,  foetal,  movements  of,  209 
foetal,  secretion  of,  180 
in  pregnancy,  290 
of  infant,  459-498 
of  infant,  absorption  in,  499-498 
of  infant,  anatomy  of,  459 
of  infant,  area  of,  457 
of  infant,  bacteria  in,  493,  494 
of  infant,  capacity  of,  457,  490 
of  infant,  digestion  in,  456-469 
of  infant,  histology  of,  458-492 
of  infant,  physiological  anatomy  of, 
459 

of  infant,  radiography  of,  459 
of  infant,  secretion  of,  462-466 
Stools  of  infant.  See  under  Faeces 
Strabismus,  900,  901 
Stress  lines,  properties  of,  333-339 
Sublingual  salivary  gland,  178 
Submaxillary  salivary  gland,  178 
Succus  entericus,  480 
entericus  in  foetus,  184 
Sucking,  physiology  of,  448-452 
in  prematurity,  939 
Suction,  energy  of,  450 
action  of  uterus,  35 
Sugar,  assimilation  of,  by  liver,  473 
in  blood,  489 

in  cerebro-spinal  fluid,  582 
in  urine,  513 
Sulphates,  foetal,  137 
in  pregnancy,  291 
in  urine,  517 

in  urine  of  new-born,  294,  299 
Suprarenal  glands  of  child,  923-925 
glands  of  child,  cortex  of,  925 
glands  of  child,  epinephrine  of,  924 
glands  of  child,  function  of,  924,  925 
glands  of  child,  medulla  of,  924  ' 
Suprarenal  glands  of  foetus,  189 

glands  of  foetus,  boundary  zone  of, 
189 

glands  of  foetus,  cortex  of,  189 
glands  of  foetus,  development  of,  189 
glands  of  foetus,  internal  secretion  of, 
189 

glands  of  foetus,  medulla  of,  189 
Surface  area,  metabolism  and,  402 
area,  Rubner’s  law  of,  382,  539 
in  child  and  adult,  3 
minimal,  surface  tension  and,  94 
of  body,  volume  of  blood  and,  177 
tension,  definition  of,  94 
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Surface  area,  surface  tension  and  law  of  1 
minimal,  94 

tension  and  polyspermy,  35 
tension  and  segmenting  ovum,  97,  98 
Swallowing  reflexes,  570 
reflexes,  in  prematurity,  030 
Sweat,  in  child,  380,  381 
in  foetus,  198 

Symbiosis,  pregnancy  and,  202 
Sympathetic  ganglia,  229 

ganglia,  nervous  system,  saliva  and, 
180 

Sympathicotonia,  582 
Sympodia,  umbilical  artery  in,  152 
Syncytium,  definition  of,  128 
fat  in,  135 
function  of,  128 
Syringomyelia,  233 


T 

Talipes,  343 

Tannin,  artificial  parthenogenesis  and, 
41 

Taste  sense,  230 
Teeth,  permanent,  455 
pregnancy  and,  137,  200 
temporary,  455 
Telophase,  10 

Temperature,  coefficient,  for  fertilisa¬ 
tion,  42 

coefficient,  for  oxidation,  42 
coefficient,  of  development,  39 
development  and,  112 
equilibrium  in  infant,  055 
growth  and,  045 

instability  of,  in  prematurity,  055 
liquor  amnii  and,  138 
sensation  of,  234 
Temporal  bone,  018 
Tendon  reflexes,  227,  201,  5 70,  574 
Tension  of  C02  in  alveolar  air,  143 
Teratology,  0,  111,  112 
Testis,  hormones  and,  030 
Tetanus  antitoxin,  milk  and,  550 
Tetany,  509 

myogram  in,  355 
parathyroids  and,  189,  028 
Theory  of  development,  77 
of  germinal  continuity,  47 
of  heredity,  40 
of  pangenesis,  40 
sex,  52-54 

Thermal  instability  of  premature  infant, 
055 

Thorax,  diameter  of,  329,  389 
at  puberty,  034 
at  various  ages,  329 
in  infant,  329,  389 
in  pregnancy,  259 


Throwing  distance  of  muscles,  377 
Thymic  asthma,  032 
Thymus,  031-033 
action  of  uterus  and,  207 
brain  and,  188 
development  of,  187 
foetal  corpuscles  and,  170 
in  foetus,  187 

internal  secretion  of,  032,  033 
reproductive  organs  and,  187 
status  lymphaticus  and,  031 
Thyrine,  188 

Thyroid,  in  child,  020,  027 
cretinism  and,  027 
foetal  rickets  and,  188 
internal  secretion  of,  188 
metabolism  and,  027 
puberty  and,  035 

thymus  and,  relation  between,  188 
uterine  action  and,  208 
Touch,  sensation  of,  233 
Toxaemia,  maternal,  foetus  and,  199 
pregnancy  and,  202 
Toxicity  of  urine  in  new-born,  301 
of  urine  in  pregnancy,  202 
of  urine  in  prematurity,  057 
Trabecule  of  bone,  347 
Trace-reflex,  501 
Trachea,  in  infant,  392 
Tremograph,  505 
Trophoblasts,  120 
Trunk,  relative  growth  of,  254 
Trypsin,  477 
in  placenta,  138 
Tubal  pregnancy,  43 
Tubercular  peritonitis,  485 
Tubules,  kidney,  507 
Twins,  hydramnios  in,  190 
identical,  30 
sex  and,  54 

Tympanic  membrane,  011,  012 
membrane,  angle  of,  Oil,  012 
membrane,  mobility  of,  013 
membrane,  mucous  membrane  of,  01 1 
membrane,  structure  of,  012 
Tympanum,  012-018 
air  pressure  in,  010 
anatomy  of,  015 


u 

Umbilical  arteries,  152 

cord,  oxyhemoglobin  in,  118 
veins,  141,  152 
vesicle,  148 
Urea,  292 

amount  secreted  in  twenty-four 
hours  in  adult  and  child,  509 
in  blood  of  foetus,  173 
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Urea  in  urine  of  foetus,  11)7 
in  urine  of  new-born,  294 
Ureters  in  fetus,  194 
in  infant,  504 
Urethra,  505 
Uric  acid,  51 1 

acid,  amount  per  twenty-four  hours, 
511 

acid,  in  fetus,  197 
acid,  infarct,  303 
acid,  in  new-born,  293 
Urinary  nitrogen,  calorific  value  of, 

527 

secretion,  theories  of,  505-507 
tract,  development  of,  194 
tract  in  child,  502-519 
tract  in  fetus,  194 
tract  in  prematurity,  657 
Urine,  acetone  bodies  in,  513 
acidity  of,  in  prematurity,  657 
albumen  in,  197,  301,  514 
alkapton  in,  511 
allantoin  in,  511 
amino  acids  in,  511 
analysis  of,  in  children,  518 
calcium  in,  518 
changes  of,  in  tubules,  507 
chemical  composition  of,  509 
chlorine  in,  299,  517 
creatin  in,  513 
cystin  in,  511 
fetal,  characters  of,  196 
fetal,  composition  of,  196 
fetal,  formation  of,  196 
freezing  point  of,  301,  509 
in  new-born,  290-302 
in  new-born,  abnormal  constituents 
in,  301 

in  new-born,  freezing  point  of,  509 
in  new-born,  nitrogen  elimination, 
291,  296 

in  new-born,  toxicity  of,  657 
in  pregnancy,  262 
in  prematurity,  658 
inorganic  substances  in,  515 
intestinal  decomposition  products  in, 
513 

intestinal  decomposition  products  in 
fetus,  197 
iron  in,  518 

nitrogen  elimination  of,  291,  296, 
512,  516 

number  of  micturitions,  508 
properties  of,  508 
phosphates  in,  291,  298 
quantity  of,  290,  508 
reduction-index  of,  518 
secretion  of,  in  fetus,  195 
secretion  of,  in  new-born,  290 
secretion,  theories  of,  505-507 
specific  gravity  of,  290,  508 
specific  gravity  of,  in  foetus,  197 


Urine,  sugars  in,  513 
sulphur-elimination  of,  291,  299, 

513 

toxicity  of,  262,  301 
urea  in,  197,  295,  509 
uric  acid  in,  197,  297,  509 
viscosity  of,  509 
Urotoxic  dose,  262 
Uterus  at  puberty,  635 
fertilisation  and,  43 
internal  secretions  and,  267,  268 
nerve-supply  of,  269,  270 
pituitary  and,  189 
power  of  contraction  of,  268 
semen  in,  35 
suction  action  of,  35 


V 

Vaginal  secretion  in  fetus,  186 
Vagitus  uterinus,  207 
Vagotonia,  582 
Vagotropic  drugs,  582 
Vagus,  action  of,  in  fetal  heart,  160 
microscopic  structure  of,  161 
Vasa  deferentia,  spermatozoa  in,  26 
Veins,  lumen  of,  430 
Venous  pressure  in  foetus,  156 
Ventilation,  403-405 
Ventricle,  output  of,  434,  435 
Vernix  caseosa,  198 
composition  of,  198 
Viscosity  of  blood  in  foetus,  164 
of  blood  in  infant,  412,  413 
of  urine,  509 
Vision,  585-608 
acuity  of,  604 
binocular  fixation,  604 
colour-,604 
colour-,  at  birth,  239 
defective,  605-608 
Visual  judgments,  605 
Vital  capacity  in  infants,  398,  399 
Vital  red  method  of  estimating  amount 
of  blood  in  body,  177 
Vitamines,  ductless  glands  and,  553 
in  foods,  552-554 
rickets  and,  553 
scurvy  and,  553 
Vitreous  of  eyeball,  591 
Vocal  cords,  391 
Voice,  406 

Volume  of  air  breathed,  398,  400 
of  blood,  177,  422 
of  body,  383-385 
of  heart,  429 
of  lungs,  394 
Voluminometer,  384 
Voluminometry,  384,  385 
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W 

Walking,  3(53,  3(55-370 
Wassermann  test,  174 
Water  in  brain,  219 
in  foetal  body,  129 
in  hen’s  egg,  27 
in  muscle,  202 
source  of,  for  foetus,  139 
Weber’s  test,  (517 

Weight-age  variations,  table  of,  (549 
Weight-height  ratio,  (550 
Weight,  annual  increase  of,  (550 
and  length,  variations  of,  (543 
at  birth,  122 
calculated,  251 
conceptional  age  and,  (542 
-height  index,  (550 
of  brain,  55(5 
of  foetus,  (554 
of  heart,  149,  429 
of  infants,  249 
of  kidneys,  502 
of  liver,  4(59 
of  new-born  infant,  270 
of  new-born  infant,  loss  of,  27(5-280 
of  premature  infant,  (554 


Weight  of  salivary  gland,  178 
quantity  of  blood  and,  175 
Weights,  discrimination  of,  5(54 
Weismann’s  theory,  47 
White  cells  in  child’s  blood,  41(5-420 
cells  in  foetal  blood,  170 
Widal  test,  174 
Winking,  588 
Wolffian  bodies,  194 
Wolffs  law  of  bone  transformation,  343 


X 

X -chromosome,  53 
X-rays,  impotence  and,  (53(5 
ovaries  and,  (538 
pregnancy  and,  (538 


z 

Zona  pellucida,  125 
Zygote,  31 
sex  and,  53 
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